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THE ELIMINATION OF HUMAN REACTION-PRODUCING MATERIAL 
FROM HORSE-DERIVED ANTISERUMS: AN ELECTRICAL METHOD 


EUGENE CARDONE 
NEw YorK, N. Y. 


INTRODUCTION 


pee serum therapy in man has been associated with certain serum reac- 
tions’? that have done much to discourage its use in the patient. 

The causes for these reactions have not been completely eliminated from 
sera by purification and concentration. These efforts have ranged from heat- 
ing to complex chemical protein fractionations.*»* The aim, in general, has 
been to eliminate all the immunologically inert protein from sera in the hope 
that the reaction-producing substances would go with them. The remaining 
antibody proteins are concentrated to increase the potency of the antibody 
per unit of volume. A smaller dose is then possible. 

More recently the possibility that bacterial contaminants may produce 
pyrogen for man*:* has spurred the preparation of immune sera under sterile 
conditions. 

In our laboratory we have purified antibacterial sera by eliminating an 
acid fraction of protein. The antibody-bearing globulin has been collected 
for concentration by water precipitation.* This method has been improved 


& 


upon from time to time,*:* but the products so obtained still cause untoward 
reactions upon Intravenous injection in man. 

The electrical method to be described herein was used chiefly to reprocess 
pneumococcic antiserum preparations that had been shown to contain imme- 
diate reaction-producing material by clinieal test. They had been purified 
and concentrated with the water precipitation method.’ After the electrical 
reprocess they were again tested clinically to determine to what extent the 
reaction-producing material had been eliminated. 


APPARATUS 

The apparatus (Fig. 1) consists of six electrodes, each made up of a zine 
jacket filled with tap water and with a platinum wire disposed in its center. 
The latter is insulated from the zine jacket by a rubber plug at the top and 
a rubber washer at the bottom. 

Cellulose casings,* with a diameter and length suitable to the size of the 
apparatus, are cut and one end is wet in water. While wet, this end is con- 
stricted manually by folding and is sealed by wrapping one or two rubber 
bands tightly around it. 


From the William Hallock Park Laboratory, Bureau of Laboratories, Department of 
Health, New York City. 
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For best results the casings must be large enough to contain one-seventh 
the volume of diluted serum to be processed. When they have been filled with 
this volume of tap water, the zine jacket electrodes are immersed in each one. 
The semipermeable membranes are supported in place by round metal frames 
to which they are secured. These are fastened by means of screws to a glass 
top which fits snugly over the vat containing the serum. The zine jacket elec- 
trodes are also supported by the glass top through holes cut in it, and each is 
suspended in the center of the cup formed by the cellulose casing membrane. 
These metal electrodes are immersed in the water contained in the membranes 
to at least two-thirds of their length. Two electrically driven stirrers inserted 
through holes in the glass top complete the apparatus. 
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PROCEDURE 
The serum* to be processed is adjusted to pH 5.1 with normal acetic acid 
It is diluted in the proportion of one volume to three and one-half volumes 
of distilled water freed of carbon dioxide gas by boiling. Solid sodium chloride 
is added to give a final concentration of one-half of one per cent. The mate- 
rial is poured into the vat of the apparatus. A 110-volt direct current 's 
turned on and by means of series resistances is adjusted to 60 ma. with an 


electromotive force of approximately 90 volts. 





*Our concentrated antibacterial sera contain about 13 mg. N/Gm. of serum. 
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The pH value is determined at intervals. When it reaches pH 7.2 the 
electrical process is stopped, and the serum is removed from the vat. At this 
point all the globulin proteins are precipitated. The pH is adjusted to 5.1 
with normal acetie acid; the serum is placed in cellophane casings 6 inches in 
diameter and 24 inches long (114 liters per casing) and dialyzed for six days 
in a running water bath at 15° C. with moderate agitation. At the end of six 
days the reaction of the dialysate is between pH 5.7 and 6.3. The reaction is 
brought to pH 5.1 with normal acetic acid. Saturated ammonium sulfate 
solution is added slowly and with constant stirring to 30 per cent saturation. 
The pH is adjusted to 5.9 with normal sodium hydroxide, and the serum is 
left at room temperature overnight. The clear supernatant fluid is siphoned 
off, and the precipitate is centrifuged. The supernatant fluid is added to the 
material siphoned off, and the precipitate is discarded. Saturated ammonium 
sulfate solution is again added to 50 per cent saturation. After one hour at 
room temperature the solution is filtered through hardened paper. The filtrate 
is discarded, and the precipitate is thoroughly dried by pressing between pads 
of absorbent paper. The precipitate is then dialyzed until free of sulfate ion. 
If the nitrogen content of the dialysate is higher than desired, it is diluted 
to a suitable value with distilled water. Solid sodium chloride to a concen- 
tration of 1 per cent and suitable preservatives are added. The pH is adjusted 
to 7.4 with normal sodium hydroxide, and the solution is left in the eold 
overnight. 

The treated serum is clarified by centrifugation. It is then filtered through 
a Berkefeld stone to sterilize it, and its potency is determined. 


CLINICAL RESULTS 


During the development of the chemical procedure following the elee- 
trical process, it became evident that when the sera were not dialyzed or were 
dialyzed insufficiently after the electrical preparation they did not lose reae- 
tion material at all or they lost it in proportion to the degree of completion 
of dialysis. These data are presented in Table I. 

Type 1, Preparation 107, was clinically free from reactions before and 
after reconcentration. However, it had been found to contain toxie material 
for the rabbit which was lost after the electrical preparation and six and a 
half days of dialysis. Type 8; Preparation 23, had been deprived of the im- 
portant last day of dialysis.* Upon clinical trial this preparation was still 
found to contain considerable reactive material. 

The remaining preparations recorded in Table I had been dialyzed for 
ir days or less following the electrical treatment. They show little or no 
improvement in the nature of the reactions caused in man or in the rabbit. 

That dialysis of sera without electrical preparation does not eliminate 
reaction-producing material from them was proved in our laboratory over a 
period of many years. Serum lots, prepared regularly,” ° that had been shown 
to contain reactive material by clinical trial were reprocessed by different chem- 
ical procedures in an effort to develop one that would eliminate this material. 


f 


*On this day more reactive material is eliminated than on earlier days, because it is not 
ered by other impurities with faster rates of dialysis. 
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TaBLE II. ReacTiON-PRODUCING MATERIAL, MADE DIALYZABLE BY ELECTRICAL PREPARATION, 
ELIMINATED BY SIX DAys OF DIALYSIS 








PNEUMO- NITROGEN VALUES RABBIT TOXICITY 
cocciIc POTENCY/C.C. (ma. N/GM. OF TESTS!1, 12* RESULTS OF 
ANTISERUM (MOUSE UNITS) SERUM ) (° F.) CLINICAL TRIAL 

ANTISERUM ANTISERUM ANTISERUM ANTISERUM 
TEMPERA- | TEMPERA- 
TURE TURE 
RISE RISE 
BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER 
PREPA- | KECON- RECON- | RECON- RECON- RECON- RECON- RECON- RECON- 
RATION | CENTRA- | CENTRA- | CENTRA- | CENTRA- | CENTRA- CENTRA- | CENTRA- | CENTRA- 
NO. TION TION TION TION TION TION TION TION 
83 4387 6450 14.35 10.9 1.8 0.2 Accepta- 
blet 
Accepta- 
able 
Accepta- 
able 
able 
Accepta- 
able 


















































5050 5600 12.85 10.7 0.8 0.1 





5040 85 12.7: 15.45 





4775 Ode 12.8% 10.8 





2953 3680 13.1 





Accepta- 
able 
No elini- 
eal 
test re- 


2990 2490 12.85 





1200 2167 11.4 15.25 2. 8 

1750 2100 12.75 10.25 2. oO 

1680 1430 14.65 12.0 0.7 port 

2612 2087 12.6 13.7 5 0.5 avail- 

342% 3553 13.5 12.9 3. 0.4 able 
18 8800 6280 13.2 11.75 1.5 0.5 


*An antiserum that causes an average temperature rise higher than 1° F. in three 
rabbits™ 72 may cause reactions if injected intravenously in man. When the rabbit temperature 
rise is 1° F. or less the antiserum is considered unlikely to cause reactions in man. 

+An “acceptable” serum caused either no reactions upon intravenous injection in man or 
the reactions were of such a mild nature that the serum was considered satisfactory for dis- 
tribution. 














All had caused immediate serum reactions 








TABLE III. ELECTRICAL METHOD COMPARED TO THREE OTHER METHODS IN ELIMINATION OF 
IMMEDIATE REACTION-PRODUCING MATERIAL FROM A COMMON ORIGINAL ANTISERUM 








ANTISERUM | RABBIT 
PREPA- | TOXICITY 

RATION | RESULTS OF CLINICAL | TEST11, 12 
P 





TYPE NO. METHOD OF PREPARATION TRIAL (Cae) 





Common 
original, this serum had been dialyzed for chills 
5 6 days chilly sensation 
temperature rise 
, vomiting 
Used 4 of common original; serum Not tested clinically 
heated to 56° C. for % hour and because too low in 
adsorbed with kaolin according to potency and be- 
technique of Goodner and associ- cause the proteins 
ates11; globulin, precipitated by had become ir- 
50% saturation with (NH,),SO,, reversibly insoluble, 
dialyzed for 6 days before use probably due to 
heating 
Used ¥% of common original; fraction Not tested clinically 
of protein precipitated up to 30% because toxic for 
saturation with (NH,).80O, dis- rabbits 
carded; fraction precipitated up to 
50% (NH,),SO, saturation dialyzed 
for 6 days before use 
Used 144 of common original; Pre- 3 treated 
pared by electrical method with 6 3, no reactions 
days of dialysis 


repared with regular method?,9; 4 treated 2.0 
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After each effort the serum was dialyzed for six days. Upon clinical retest 
these sera still caused immediate serum reactions in man. 

The serum preparations recorded in Table II were made from regularly 
prepared lots’: ® that had been shown to contain reactive material for man upon 
clinical trial. Furthermore, all but one gave more than the acceptable tem- 
perature rise in the rabbit test for pyrogen. Each was processed electrically 
and then dialyzed for six days. Upon test it was found that all had been 
cleared of significant pyrogenic material for the rabbit, and those preparations 
that it was possible to test clinically had lost the power to cause immediate 
serum reactions in man. 

In Table III is presented the comparison in power to eliminate human 
and rabbit reaction material from pneumonia horse sera by the electrical pro- 
cedure ‘and six days of dialysis and three other methods of preparation also 
followed by six days of dialysis. The common original used for these prep- 
arations was an antiserum which had been prepared with the water precipita- 
tion method” ® and which had caused immediate serum reactions in man when 
tested clinically. The electrical method eliminated the reactive material more 
effectively. 

RESULTS OF THIS METHOD WITH OTHER BIOLOGICALS 

Other biologie products have been reprocessed with this method to im- 
prove them.’ In Table IV are shown the results of its adaptation to the 
reconcentration of antimeningococcus sera prepared by the water precipitation 
method.*»* The potency per unit of protein nitrogen was increased, allowing 
smaller injections and thus rendering the preparations more suitable for 
human use. 

In other experiments antiscarlatinal globulin reprocessed by this method 
was tested by Dr. Samuel Karelitz in patients at the Willard Parker Hospital. 
It was found that the incidence of delayed serum sickness in the sixty-four 
patients treated with this material was about 38 per cent. More significant, 
however, was the unusually mild nature of these reactions as compared with 
those caused by regular material.* 


TABLE IV. MENINGOCOCCUS ANTISERUM MADE MORE POTENT PER UNIT OF PROTEIN NITROGEN 
BY ELECTRICAL PROCESS 








ELECTRICAL AGGLUTINATION TEST* OTHER TESTS* 


REGULARLY — 
PRE- RECON- |TYPE AND ANTIGEN NO. USED ” 
PARED?, 9 | CENTRA- 7 , = TT |AGAR PLATE| S- PRE-| Mouse |MG. N/GM. 








TION PRECIPITA- | CIPITA- |PROTECTIVE| OF SERUM 
PREPARA- rm ' TION TION RATIO 
TION NO. | 331 | 1027 302 36 
i 2.0 2.0 2.0 2.0 t+++ 512 336% Lit 
778 20 20 25 160 +4+++++4 - 653% 11.65 
79 1.5 Ls 28 8.0 +44 -22 225% 9.75 
9S 2.0 1.0 0.6 8.0 + 4. + -512 157% 6.55 
72 Vo: 26 20 I60 ++++ - 184% 11.3 
i. 728 Le. -30°- 30 160 +444 -102 186% 6.8 
a N. I. H. Control tO t.0. 4.0 1.0 +++ - 100% ~ 
on gg potencies were determined by Mrs. C. R. Falk of the New York City Department 
rea le 


PREPARA- 
TION NO. 




















*Personal correspondence from Dr. Samuel Karelitz. 
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DISCUSSION 


Whether the reaction-producing material is adsorbed on the surface or 
whether it is a more integral part of the large molecular aggregate which is 
the antibody entity. it is freed by the electrical process. Whether it is of 
organie or of inorganie origin, it is in a form, or it is changed to a form, that 


is eliminated or inactivated by simple dialysis. 


SUMMARY 


An electrical process is deseribed which, when followed by SIX days of 
dialysis, has eliminated from purified and concentrated horse-derived anti- 
sera substances which had caused immediate serum reactions when injected 
intravenously in man. 


In most lots tested it was possible to remove reaction-producing material 
by this method without lowering the antibody potency per unit of protein 
nitrogen. Indeed, in the majority of lots the potency was increased. 


The author is indebted to Dr. Wheelan D. Sutliff and Miss Annabel W. Walter of the 
Pneumonia Control Division, for their valuable cooperation in carrying out potency determina 
tions and rabbit tests and in supplying results of clinical trial as indications of the presence 


or absence of reaction-producing material, 
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A STUDY OF ABNORMAL T WAVES IN PATIENTS PRESENTING NO 
EVIDENCE OF ORGANIC HEART DISEASE 


ISIDORE STEIN, M.D. 
3ROOKLYN, N. Y. 


ae since EKinthoven introduced the electrocardiogram, the interpretation 
and significance of the T wave has been a matter of much discussion. We 
still do not know the exact part the T’ wave plays in the electrodynamics of 
the cardiae cycle. The prevalent opinion is that the T’ wave represents the 
recession of the electrical impulse in the ventricles. According to Mines, as 
quoted by Wilson and Finch,' the form of the TT wave depends on the order 
in which various regions of the ventricular muscle complete their electrie ac- 
tivity. If the apex of the left ventricle returns to the resting state in advance 
of the base of the right ventricle, T is positive; if the reverse occurs, the T wave 
is negative. 

The normal T wave is too well known to bear description at this time. 
Low voltage, biphasic, or inverted T waves in the first, second, or precordial 
leads are considered to be abnormal. In children or in pregnant women these 
aberrations in the T wave in the fourth lead are normal. The present paper 
does not include patients of this type. 

The present study was made among a group of soldiers at a large Army 
hospital. Most of the subjects were from 20 to 40 years of age; some were 
older, and a few young women were included. The patients varied in body 
build in all extremes. Some presented numerous complaints suggestive of the 
so-called functional cardiae disorders; others appeared for examination only 
as a routine procedure. They presented two factors in common: (1) abnor- 
mality of the T waves in the electrocardiogram (there were no associated R-T 
or S-T segment changes); (2) none presented any other evidence of organic 
heart disease, as could be discovered by complete physical examination in 
which auscultation of the heart was performed in the upright, reeumbent, and 
left lateral -positions prior to and following exercise (hopping on each leg 
fifty times). Roentgen and fluoroscopic heart studies and sedimentation rate 
determinations were within the normal range except for the sedimentation 
rate in Patient 25 (Table I) whose ease history will be taken up in greater 
detail later. 

The electrocardiograms were obtained in the recumbent position and were 
taken at frequent intervals both before and after exercise (Figs. 1 to 5). 

From November, 1943, to November, 1945, 5,520 electrocardiograms were 
taken at this hospital on 4,810 patients. Of these, fifty-one, or 1.0 per cent, 
showed significant T-wave changes, twenty-three predominantly in the chest 
lead (CR) (Table II), and twenty-eight showed the deviations in the limb 
leads (Table I) in individuals without any other evidence of heart disease. 


Received for publication, March 12, 1946. 
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TABLE I. LIMB LEADS 





| EFFECT OF 
DIAGNOSIS | ABNORMAL T WAVES EXERCISE 





iad | | 
PATIENT AGE| SEX | BODY BUILD 





22 
26 
40 
24 
26 
25 


on 


J 


M 
M 
M 
M 
M 
M 
M 


M 


Medium 
Medium 
Slender 
Medim 


Medium 


Medium 


Medium 


Husky 


Medium 
Slender 
Medium 


Husky 
Husky 
Medium 
Medium 
Medium 
Medium 


Medium 
Husky 


Medium 
Medium 


Husky 


Psychoneurosis 
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ABNORMAL T WAVES IN ORGANIC HEART DISEASE 


TABLE II. LeEAp IV (CR,) 








| EFFECT OF 
on SEX | BODY BUILD DIAGNOSIS T WAVES EXERCISE 
1 29 M Medium Psychoneurosis 7’, inverted IV, upright 
2 19 } Arthritis (not ’, isoelectric IV, upright 
rheumatic 
fever) ; psycho- 
neurosis 
Slender Psychoneurosis IV, inverted IV, upright 
Psychoneurosis IV, biphasic IV, upright 
Medium Psychoneurosis IV, inverted IV, upright 
Husky Psychoneurosis IV, isoelectric IV, upright 
Slender Psychoneurosis IV, inverted , upright 
Medium Psychoneurosis IV, biphasic upright 
Slender Unknown IV, inverted change 
Psychoneurosis IV, inverted upright 
Medium Psychoneurosis IV, biphasic , upright 
Schizophrenia IV, inverted upright 
Medium Tracheitis IV, inverted upright 
Medium Peptic ulcer IV, inverted upright 
Medium Bronchitis IV, inverted upright 
Medium Meningitis IV, low voltage voltage higher 
Herniorrhaphy IV, biphasic upright 
Husky Nasal polyps and IV, biphasic ’, upright 
sinusitis 
Medium Extrasystoles IV, isoelectric upright 
Medium No disease IV, inverted upright 
No disease IV, inverted upright 
Medium No disease IV, inverted ’, upright 
Slender No disease IV, biphasic J, upright 





i> - 
a 


= 


Zee uy 





ANALYSIS OF RESULTS 


Age and Sex.—The age of our patients varied between 19 and 47, the 
average being 29.9 years. All but four of the group were men. 


Body Constitution—A record of the body constitution was not made in 
all instances. In forty patients where a notation was made, eight were of the 
stocky broad-chested type, six belonged to the tall slender group, while the 
largest majority (twenty-six) were of medium build. 

Diagnosis.—The greatest number of our patients was in the psychoneurotic 
group. Twenty-nine, or 57 per cent, were included under this heading (one 
individual suffered with schizophrenia). In addition, one patient had psycho- 
heurosis with a nontoxic adenoma of’ the thyroid gland; another had psycho- 
neurosis and adequately treated latent asymptomatic syphilis with no physical 
Signs pointing to this condition. Three patients had arthritis (not rheumatic 
fever); one had a postinfluenzal asthenia; another had a transient intestinal 
obstruetion (the cardiac study was made during his convalescence) ; and one 
patient had a fracture of his leg. There were, in addition, single cases of 
peptic ulcer, bronchitis, tracheitis, convalescent meningitis, hernia, extrasys- 
toles, and nasal polyps. Seven patients failed to show evidence of any dis- 
ease whatever. 

Leads Involved.—In the patients showing the abnormalities of the T waves 
in the limb leads, the involvement in the majority (twelve) was in the sec- 
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ond lead. In eleven, Leads II and III showed the T-wave changes, three oc- 
curred in Leads I and II, one in Lead I alone, and one individual had abnor- 
mal T waves in the three limb leads. 

There were twenty-three patients whose Ty was abnormal. Of this group 
four also showed similar deviations in the T wave in the first lead. In one it 
oceurred in combination with abnormal Ts and Ts. In one patient the T waves 


in all four leads were involved. 
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Fig. 2.—Limb leads. 


Response to Exercise.—All but one of the patients were subjected to a 
standard amount of exercise (hopping on each leg fifty times) immediately 
following which an electrocardiogram was taken, again in the recumbent posi- 
tion. In those with the limb lead changes twenty-one revealed a reversal of 
the T wave to the upright position (Figs. 1 and 2). Six of the patients showed 


no change following this procedure. 
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Fig. 4.—Lead IV (CRs). 
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control Exercise 


Tracing Lost 
¥ Wave Upright 


Fig. 5.—Lead IV (CRs). 
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In those with the Ty deviations the effects were even more striking; 
twenty-two of the twenty-three revealed a return to a normal T wave (Figs 
3 to 5). In the entire group of fifty patients forty-three, or 86 per cent, 
showed a reversal of an abnormal to a normal ‘’ wave following physica! 
exercise. 

Heart Rates—The ventricular rates in the limb lead group ranged be 
tween 50 and 138 per minute. Sixteen patients were below 90 per minute 
while twelve showed higher figures. 

Among the T, group the largest number (six) had a ventricular rate 
between 70 and 79, four between 80 and 89, and four between 90 and 99. Seven 
patients had a rate between 50 and 69. Only six were above 90, and of these 
only two exceeded a rate of 100 beats per minute. 

In summary, thirty-three of our patients, or 65 per cent of the group, had 
a ventricular rate under 90 per minute. This would tend to eliminate tachy 
eardia as a factor in the production of the T-wave changes. 

DISCUSSION 

Current criteria for the normal electrocardiogram were published by Lewis 
and Gilder,? in 1912, and were based on a study of fifty-three young men. 
This field was left unexplored for many years, and no extensive investigation 
of the normal was undertaken until 1926 when Ferguson and O’Connell’ re- 
ported a series of electrocardiograms in 1,812 midshipmen at Annapolis with- 


out any evidence of heart disease (with three exceptions). There were eight 


instances where T. was inverted, diphasic, or isoelectric. Some of these were 
normal when a second tracing was taken. The mobilization of our Armed 
Forces during the war period gave the medical profession the golden oppor- 
tunity of examining millions of young men, among which there were many 
thousands upon whom routine electroecardiographiec studies were made. In 
this manner it became evident that bizarre cardiographic patterns usually 
indicative of grave myocardial disease were too frequently observed in young 
individuals devoid of any organic stigmas. 

Hall, Steward, and Manning* studied a group of 2,000 ‘‘normal”’ aviators 
and found nine with electrocardiograms of an abnormal pattern. Included 
among these were negative T; or Ts or both and bundle branch block. Gray 
biel and associates’ reviewed the findings in 1,000 young, healthy aviators and 
discovered two with inverted T waves in the second lead but none in the first 
or fourth leads. Tes in one was biphasie. 

Our results in fifty-one patients constitute an addition to the list of electro 
eardiographic abnormalities in ‘‘normal’’ young people (twenty-eight involv 
ing limb leads, twenty-three with chest lead changes). 


‘ 


It is evident therefore that abnormalities of the T wave in ‘‘normal’’ indi- 
viduals occur with fair incidence. Not so clear, however, is the mode of pro- 
duction of this aberration in the electrocardiogram and the significance, if 
any, to be attached to this phenomenon. It may be argued that the unusual 


T wave is the first indication of heart disease in these people, and disabling 
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signs or symptoms are sure to appear in the future. This opinion cannot be 
refuted in toto until these patients have been followed over a number of years; 
however, such a grave prognosis seems very unlikely. 

Yet, if we are to base these changes on functional grounds, what are the 
factors involved? It is well known that the height of T waves is lowered or 
that the T waves can become inverted when the subject’s position is changed 
from the recumbent to the sitting or standing attitude.** Our patients were 
all recumbent when their tracings were taken. The location of the diaphragm 
is presumed to be a factor involved in these aberrations. High diaphragms can 
he expected in the sthenie type of patient and a lower position in those of the 
slender habitus. In our series this would not be applicable, as we encountered 
all types of body build, the largest group (twenty-six) being made up of those 
of medium habitus. 

Imbalance of the autonomic nervous system has been suggested as an ele- 
ment in the production of unusual T waves. Wendkos® studied a group of 
soldiers and concluded that the T-wave changes could be attributed to pre- 
dominance of either vagal or sympathetic tone. Graybiel and White’? found 
inverted T waves in Leads II in seven instances of neurocireulatory asthenia. 

By far the largest number of our series (60 per cent) fall in the ‘‘nervous’”’ 
group who demonstrated unequivocal signs of derangement of the autonomic 
nervous system. To attribute the faulty T waves in these individuals to sympa- 
thetie or parasympathetic imbalance seems rational. The attempt to affect 
this system artificially through the medium of standardized exercise brought 


a restitution of the normal T waves in 86 per cent of our patients. This find- 
ing lends support to the suggestion that we were dealing basically with a func- 
tional situation. 


We do not feel that emotional factors at the time the electrocardiographic 
examination was undertaken played any part in our findings. No outward 
apprehension was noted during this period and, as has been noted, tachycardia 
was not a dominant feature in our patients. Thirty-three of our group had 
ventricular rates of 90 per minute or less while eighteen were above that fig- 
ure. <A ‘‘fear reaction’’! was not observed at any time and played no part in 
the pieture presented here. 

When one considers that seven of our patients showed no evidence of any 
disease process whatever and that thirteen others were suffering from ailments 
(nonrheumatie arthritis, transient intestinal obstruction, a fracture) unrelated 
to the heart, it is conceivable that we are merely dealing with a physiologic 
variant and that our criteria of the ‘‘normal’’ must undergo reconsideration. 
It is plausible that the wide range of the normal electrocardiogram has not 
been adequately explored. This would seem reasonable when we remember 
that the standards originally established by Lewis and Gilder? were based on 
the study of only fifty-three individuals. This statement is supported by the 
fact that in six of our patients (Patients 13, 17, 18, 21, 22, 27, Table I) trac- 
ings taken anywhere from two hours to ten days later showed a spontaneous 
reversal of the T wave to normal (Fig. 6). Similar findings were recorded 
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by Ferguson and O’Connell.2) Dupuy'* advances such a thought in a presenta 
tion of five eases with T-wave abnormalities in other leads than in the third 

The value of exercise or sympathetic stimulation in the differential diag 
nosis of organic or functional heart disease remains a matter for further study 


Without a control group of patients known to have organic heart disease, no 


conelusions are warranted. 


Feb. 20, 1945 Mar. 2 


Fig. 6.—Spontaneous reversals of T waves. 


The case history of one patient (Patient 25, Table I) is described in i 
detail because of several unusual features. This man was 29 years of age and 
entered the hospital because of frequent bouts of sharp pains in his chest for 
na 
Tite 


the previous two years. These pains were noted while at complete rest 
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at other times during exercise; they lasted for about twenty minutes and were 
occasionally accompanied by ‘‘hard breathing.’’ In the patient’s words, he 
was unable ‘‘to get in enough air.’’ Otherwise, he was in good health, except 
that he had always been of a ‘‘nervous disposition’? and quick-tempered. 
Nothing in his past history was suggestive of heart disease nor of any rheu- 
matic manifestation. 

There were no abnormal signs elicited on physical examination. Fluoros- 
copy of the chest indicated no enlargement of any of the cardiac chambers. 
The Kahn test was positive, and he received an intensive course of penicillin 


Aug. A Aug. Aug. 30 


On admission Before sani go-go Five days 
penicillin peniciiiin after penicillin 


7 (Patient 25).—Note_ changes in T: from upright to inversion and return to normal 
within a month. Changes during penicillin therapy considered coincidental. 


Fig. 8 (Patient 17).—P-R interval, 0.28 second. 


therapy (2,400,000 units in a seven-day period). The sedimentation rate was 
elevated (33 mm. in an hour) on admission and was 22 mm. two months later. 
During the last month of his hospitalization it was normal (10 mm. or less). 

The outstanding feature in the electrocardiograms was the inversion of T» 
and T; (Fig. 7). This persisted throughout his course and was unaffected by 
exercise or the administration of ergotrate, 0.4 mg. intravenously, or full doses 
of atropine. An electrocardiogram taken during the period of penicillin 
treatment revealed an inversion of T, (Fig. 7). This disappeared after a 
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few weeks. The significance of this finding and the possible relationship of 
the electrocardiographic pattern, as well as the elevated sedimentation rate to 
his svphilis and the penicillin employed in its treatment, are difficult to eval 
uate. It is extremely questionable that the penicillin played any part in the 
preduction of the inverted T, 

It must be remembered that during the entire period the patient was 
ambulatory, although the symptomatology was the same and the examination 
was not productive of abnormal findings. The course in the hospital was 
otherwise uneventful, and on discharge after three months the symptoms con 
tinued unabated. It was finally concluded that the subject did not have 
organic heart disease but that his symptoms were functional in origin. 


SUMMARY AND CONCLUSIONS 


1. Five thousand, five hundred and twenty electrocardiographic studies 
made on 4,810 patients at a large Army regional hospital revealed fifty-one, 
or 1.0 per cent, of this total with abnormal T waves despite the absence of 
other eriteria of heart disease. In twenty-three the bizarre T waves were con 
fined to the chest leads and in twenty-eight appeared in the limb leads. 

2. The subjects studied were of both sexes ranging in age from 19 to 47 
vears, the average being 29.9 vears. 

3. Constitutional types’ varied widely between the sthenie and asthenic ; 
the majority (twenty-six, or 65 per cent) were of medium build. 


4. A majority of the subjects in the series (thirty-one, or 6 per cent) pre 


sented definite psychoneurotie tendencies. However, thirteen had ailments 


unrelated to heart disease, and in seven no evidence of illness of any kind was 
determined. ; 

5. In forty-three out of fifty patients (86 per cent of the total) standard 
exercise was successful in converting the bizarre T waves to normal. 

6. The underlying theoretical considerations for the abnormal T waves 
were discussed. The possibility that at least in some instances these were 
merely physiologic variants was ventured. Many were undoubtedly based on 
autonomic nervous system imbalance. 

7. One should be aware of a ‘‘normal’’ inversion of the T wave in order 
to avoid a mistaken diagnosis of heart disease. 


I wish to express my appreciation for the technical assistance rendered by Lieutenant 
Gladys Eklund, Army Nurse Corps, and Corporal Ted Weible. 
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OBSERVATIONS ON THE EFFECT OF THEOPHYLLINE 
AMINOISOBUTANOL IN EXPERIMENTAL 
HEART FAILURE 


JOHN R. SmitH, M.D., anp JuLiIus JENSEN, M.D. 
Sr. Louis, Mo. 


ANTHINE drugs, particularly theophylline preparations, have had wide 

clinical use in cardiae disease because of their diuretic effect, their bene 
ficial action in eardiae dyspnea, and their coronary dilator properties. The 
xanthine drugs also stimulate the myocardium directly,’ although this action 
usually has not. been stressed as of clinical importance.* ° 

In a previous report Steinberg and Jensen® deseribed their study of the 
effect of theophylline aminoisobutanol in patients with congestive heart failure. 
They found that administration of the drug in sueh patients usually lowered the 
venous pressure and resulted in shortening of the circulation time. The diminu 
tion of venous pressure was striking when it was initially elevated, but it) was 
nevertheless often further diminished even when normal. The observations sug 
vested that these beneficial actions result from: (1) direet myocardial stimula 
tion by the drug; (2) improved myocardial function resulting from increased 
coronary flow; (3) action of the drug to produce peripheral vasodilatation ; or 
(4) a combination of these actions. The results of Steinberg and Jensen were 
so striking that it was decided to investigate certain pharmacologie actions of 
theophylline aminoisobutanol in experimental heart failure, with the hope ot! 
clarifving the mechanism of the clinical effeets noted by them. 


METHOD 


In these experiments, where heart failure was to be produced and then 
studied with respect to drug effect, it was desirable to record all features 0! 
myocardial performance as accurately as possible. The heart-lung preparation 
was chosen as the best means of observing these factors. In Fig. 1 is illustrated 
the experimental setup in principle. 

Heart-lung preparations were made in the usual way and then removed 
from the body of the dog. Tensions within the right and left auricles were 
measured by simple manometers connected to the superior vena cava and throug!) 
a cannula inserted into one of the pulmonary veins, respectively. Cardiae out- 
put was continuously measured by a siphon recorder. A rough estimate o! 
cardiac size was obtained by means of a graduated pair of outside calipers 
stitched to the epicardium. Inflow of blood into the left cireumflex coronary 


artery was recorded by the differential pressure orifice meter devised by Greee 
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and Green,’ the light beam from which was projected into an electrocardiographic 
photokymograph. Standardization of the instrument and quantitative inter- 
pretation of inflow curves have been described’ and were carefully followed in 
these experiments. Arterial blood pressure was obtained using a Wiggers optical 
manometer; the light beam from this manometer also was projected into the 
kymograph and was recorded simultaneously with the coronary inflow curve 
on a bromide film. 

When control observations had been made, heart failure was produced by 
the eareful administration of 20 per eent chloral hydrate (1 ¢.¢. every three 
minutes) to the perfusing blood. Approximately 0.8 Gm. of chloral hydrate 
was usually sufficient to produce definite heart failure without causing irre- 
trievable cardiae damage.’ With heart failure thus established, theophylline 


; 1 From venous reservoir To periph. resist. and 
venous reservoir 


Monometer |! | Manometer 
rt aur | lft. aur 








cond 
in vena cava 


Orifice meter 








ne 
Fig. 1, Diagrammatic sketch of heart-lung preparation and the instruments applied to 


it for the evaluation of myocardial function. Simple manometers are connected into the tube 
from the venous reservoir and into the left auricle. The flowmeter records inflow into the left 


4 


circumflex coronary artery. Calipers used to estimate cardiac size and siphon for constant 
cording of cardiac output are not shown. 


aminoisobutanol* (0.06 Gm.) was injected into the perfusing blood. The effects 
of the drug were observed until cardiac function became ‘‘stabilized.’’ These 
experiments were performed on fourteen heart-lung preparations with consistent 
findings throughout. 

As the study developed, it became desirable to ascertain changes of blood 
flow through edematous lunes in the course of heart failure and to note the 
effeet of theophylline aminoisobutanol on pulmonary edema and congestion. 
In these observations the modified heart-lung preparation of Dusser de Barenne* 
was employed. In such a preparation blood is carried from the venous reservoir 


*Wm. S. Merrell Co. 
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directly to the pulmonary artery. The left ventricle performs its normal comple 
ment of work; the right ventricle performs no work but serves as a receptacle 
for almost the whole of the coronary venous blood (see Fig. 2). At any time 
the arterial blood may be shunted around the artificial peripheral resistance and 
collected, together with coronary venous blood, in a recording siphon. These 
combined flows, therefore, represent total pulmonary flow. Heart failure was 
produced by using 20 per cent chloral hydrate as in the foregoing experiments, 
except that sufficiently more chloral hydrate was given to bring the heart to a 
standstill. Intense pulmonary edema and congestion occurred. The rate of 
blood flow through the lungs was then determined. Theophylline aminoiso 
butanol (0.06 Gm.) was added to the perfusate as the rate of blood flow through 
the lungs was continuously observed. Such observations were carried out on 
four de Barenne preparations. 


TO PERIPHERAL 
, RESISTANCE 


FROM VENOUS 
RESERVOIR 








> AORTA 


—->D PULMONARY 
ARTERY 














SIPHON 
RECORDER 
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Fig. 2.—Schematic diagram of the modified heart-lung preparation of Dusser de Barenn 
(lungs are not shown). Blood from the venous reservoir is carried directly to the pulmonar) 
artery, passes through the lungs, and is pumped through a peripheral resistance by the left 
ventricle. The right ventricle does no work. A cannula in the superior vena cava collects 4 
large part of the coronary venous blood. The stream to the peripheral resistance may ): 
clamped at will, and blood from the left ventricle may be shunted to the siphon-recorder and 
ie ue —” with coronary venous blood. The combined flows represent total pulmonary 
ow (cf. text). 


RESULTS 


Production of Heart Failure in the Heart-Lung Preparation.—When ehiloral 
hydrate had been added to the blood in the heart-lung, failure of the myocardium 
was manifested in the following series of events (see Table I): (1) Dilatation 
of the heart occurred, as shown by an increase in the diameter of the ventricles. 
Simultaneously, a rise of pressure within the left auricle was observed over a 
period of from fifteen to thirty minutes to approximately 10 to 11 em. of waiter. 
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TABLE I. REPRESENTATIVE PROTOCOL OF EXPERIMENTAL HEART FAILURE IN HEART-LUNG 
PREPARATION AND THE EFFECT OF THEOPHYLLINE AMINOISOBUTANOL 








| | CORO- 
CARDIAC} VEN- | CORO- NARY 
OUTPUT RIGHT LEFT TRICU- NARY INFLOW 
(C.C. BLOOD |AURICLE}|AURICLE| LAR DI- INFLOW (C6; 
PER PRES- (CM. OF (CM. OF|AM ETER | CYCLE PER 
EVEN? MIN.) SURE | H,0) H,0) (CM.) | RATE (c.C.) | MIN.) | REMARKS 
Control 630 95/60 4.4 4.9 5.5 166 0.23 38.1 
Chloral hy- — — — — — = = 
drate (0.8 
Gm. 12 m) 
Heart fail- 480 90/60 3.6 1.7 0.35 38.8 Pulmonary 
ing edema and 
congestion 
Theophyl- 600 100/60 Det Dit 3 3 : Myocardial 
line (3 stimulation ; 
min.) pulmonary 
edema sub- 


sides 








Usually, right intra-auricular tension was not materially altered unless terminal 
severe myocardial failure supervened. Heart failure produced in this way was 
manifested, therefore, predominantly as left ventricular failure. (2) With 
dilatation of the heart a fall in ecardiae output (from 25 to 40 per cent) occurred. 
The blood pressure diminished. The heart rate decreased. (3) Coronary ar- 
terial inflow increased during the course of ecardiae failure exemplified by in- 
crease in inflow during each eardiae cyele. The decrease in heart rate usually 
rendered the net inflow per minute essentially unchanged. (4) The lungs 
showed intense congestion and edema with emphysema, parenchymal hemor- 
rhage, and fluid in the tracheal cannula. Heart failure was not permitted to 
become more severe, as irremediable failure than occurred with loss of the ex- 
periment. \ 

Effect of Theophylline Aminoisobutanol Upon Heart Faiiure——The course 
of events following the administration of theophylline aminoisobutanol may be 
followed in Table I. Without exception the first measurable effect of the drug 
(occurring within one minute) was the rapid clearing of pulmonary edema and 
congestion. The run-off from the lungs appeared to increase so quickly that, 
momentarily, the left intra-auricular tension was driven up an additional 6 to 
10 em. of water, and transient further dilatation of the heart oceurred. There- 
after, an obvious marked stimulation of myocardial action was observed. The 
heart beat. vigorously. Within a few beats dilatation of the heart was com- 
pletely removed. Cardiae output increased. Within three minutes the heart 
had resumed its ‘‘normal’’ state, and the entire preparation appeared to fune- 
tion as effectively as in the control period. Coronary arterial inflow was not es- 
sentially changed during the period of recovery from heart failure. Inflow 
during each cardiac eyele tended to decrease, and net inflow remained essentially 
unaltered with the rise in heart rate. 

Effect of Theophylline Aminoisobutanol on Pulmonary Edema and Conges- 
tion in the de Barenne Preparation.—In the foregoing experiments the admin- 
istration of theophylline appeared to cause a remarkably rapid clearing of pul- 
monary edema. In this series of experiments pulmonary blood flow was greatly 
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TABLE II. ReEcORD OF Two EXPERIMENTS USING DE BARENNE PREPARATION* 











7 “| LUNG CONGESTED—HEART | | AFTER THEOPHYLLINE 
PULMONARY FLOW—CONTROL STOPPED NO HEART BEAT 
(C.C. PER MIN.) (C.C. PER MIN.) (C.C. PER MIN.) 


321 —_- °° 2560 2~—~O*” 


491 ; 256 
400 


300 360 

*Blood flow through the lungs before and during pulmonary congestion and edema pr 
duced by myocardial failure. The effect of theophylline aminoisobutanol on blood flow throug 
the lungs when congested and edematous. 








reduced during the severe pulmonary congestion and edema resulting from 
myocardial failure and standstill (see Table I1). With the addition of theo- 
phylline (0.06 Gm.), there was an immediate increase in blood flow through 
the lungs with prompt subsidence of congestion and edema. By this means pul- 
monary flow was restored to approximate control values. 


DISCUSION 

From the experimental data at hand, the most striking—and probably the 
most important—effect of theophylline aminoisobutanol in heart failure is its 
action upon the myocardium. In all of the experiments the drug quickly in- 
duced marked, obvious vigor of ventricular contraction and prompt removal ot 
eardiae dilatation. This phenomenon had been noted by other investigators’ 
upon normally beating experimental hearts, and it was attributed by Heathcote’ 
to its action directly upon the heart muscle. The question was then raised as 
to whether improvement in myocardial function resulted from coronary vaso- 
dilatation produced by the drug, with a corresponding increase in myocardial! 
blood supply. That the xanthine drugs provoke coronary dilatation has been 
amply shown.'’-'* However, in these experiments an increase of coronary in- 
flow (in each cardiae cycle) occurred in the course of failing integrity of the 
myocardium, despite a falling cardiac output and blood pressure and a rising 
tension in the left auricle. Since net coronary arterial inflow appears to be de- 
pendent in great part upon cardiae output’® in normally beating experimental 
hearts, the increased inflow noted here is possibly due to peripheral coronary 
dilatation. These findings are in agreement with the experience of others. 
Gregg and Green'* observed marked increase in coronary flow (under con- 
stant perfusion pressure) following transient ischemia of the heart muscle; 
more recently Green and Wegria'’ demonstrated an increase in myocardial ir- 
rigation during anoxia of the myocardium. It seems probable, therefore, that 
the effect of theophylline upon the coronary vascular bed in heart failure, which 
is already dilated, is largely annulled and that the drug exerts its beneficial 
action by direct stimulation of myocardial contractions. Visscher’ has pointed 
out that in myocardial decompensation rising pressures in the right auricle and 
ventricle may impede the escape of blood from the coronary venous system to 
eurtail coronary flow generally. In our preparations there was no significant 
rise of right intra-auricular tension. Therefore, it cannot be stated from our 
data whether impedance of ‘coronary flow may have oceurred had the cireula- 
tion been intact, or what the effect of theophylline may be under such eireun- 
stances. The latter consideration is a recognized disadvantage of the heart- 
lung preparation. 
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In the light of available experimental evidence the mechanism of the removal 
of pulmonary edema by theophylline is difficult to evaluate. Friedberg, Katz 
and Steinitz'’ found in trained, unanesthetized dogs that the administration of 
aminophylline led to a mild, sustained elevation of mean pulmonary arterial ten- 
sion. In their opinion the beneficial action of theophylline clinically could not 
be explained by the relief of congestion. However, they further suggested that 
theophylline might have an opposite effect when pulmonary congestion is present. 
Qn the other hand, Bock'® observed that the xanthines inereased blood flow 
through isolated lungs. Our observations suggest that marked vasodilatation 
oeceurs When theophylline is administered in pulmonary congestion. Blood im- 
pounded in the lungs escapes, and fluid rapidly leaves the alveolar air spaces 
to re-enter the circulation. Whether other factors, such as capillary permeability, 
are altered by the drug directly cannot be stated at present. In the heart-lung 
preparation the additional factors of improved myocardial function and release 
of increased pulmonary venous tension are also undoubtedly important in the 
removal of pulmonary edema. . 


Experimental evidence further indicates that theophylline preparations pro- 
duce peripheral vasodilatation. Many years ago Phillips and Bradford’? and 
Beco and Plumier?? demonstrated increased blood flow through the renal vessels 
and other parts of the vascular bed by xanthine drugs. Sollman and Pilcher?! 
and Phillips and Bradford’? showed, by oncometric methods, that these drugs 
increased the size of the spleen in experimental animals. From the clinical 
standpoint, therefore, it seems probable that in addition to enhancing myocardial 


function and improving pulmonary blood flow theophylline also dilates, to some 
extent, the peripheral vascular bed. These factors, taken together, may improve 
the failing heart and circulation. 


CONCLUSIONS 


1. Heart failure was produced in the heart-lung preparation using chloral 
hydrate as a myocardial intoxicant. The administration of theophylline amino- 
isobutanol provoked striking stimulation of myocardial contraction with prompt 
restoration of effective function of the heart muscle. 

2. Pulmonary edema and congestion, in the course of failure in the heart- 
lung preparation, appeared to be removed promptly by theophylline aminoiso- 
butanol. This phenomenon was further examined in the modified de Barenne 
heart-lung preparation. In was found that pulmonary blood flow was greatly 
curtailed in pulmonary congestion from heart failure. The addition of theo- 
phylline aminoisobutanol caused a rapid removal of pulmonary edema and con- 
gestion with restoration of free blood flow through the lungs. 

3. We find no evidence from these observations that improvement in the 
failing experimental heart is dependent upon dilatation of the coronary arterial 
system by theophylline. 

4. It is suggested that clinical benefit with theophylline aminoisobutanol 
in patients with heart failure results from improved myocardial function and 
pulmonary flow. Peripheral vasodilatation induced by the drug may also 
further benefit the disturbed circulation in such patients. 
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EFFECT OF THEOPHYLLINE AMINOISOBUTANOL ON THE 
CIRCULATION IN CONGESTIVE HEART FAILURE 


FRANZ U. STeEmnBeERG, M.D., AND JuLIus JENSEN, M.D. 
Str. Louts, Mo. 


INTRODUCTION 


T IS generally accepted that theophylline has important but still incom-°* 

pletely known effects on the cardiovascular system.')? This paper is con- 
cerned with some of these effeets in the presence of congestive heart failure. 
We were first impressed with the deerease in venous pressure which we ob- 
served following the administration of theophylline aminoisobutanol, especially 
when the venous pressure was increased. This effeet has been reported in the 
literature but has not been thoroughly investigated. Greene, Paul, and Feller® 
had noted it when studying the effect of theophylline upon the mechanism of: 
dyspnea. Robertson and Faust? recommended the use of theophylline for lower- 
ing the venous pressure in congestive heart failure, but they employed doses 
too small to obtain significant effects. We could find no evidence that the sub- 
ject had been further investigated. We also noted that the arm-to-tongue 
circulation time was shortened after administration of this drug, a finding not 
previously reported in the literature. A clinical study was therefore under- 
taken in order to investigate further these changes in venous pressure and 
cireddation rate which follow the administration of theophylline. 


METHOD 


Theophylline aminoisobutanol was given intravenously in doses of 0.24 and 
0.48 Gm. For comparison, theophylline with ethylenediamine (aminophyl- 
line) was used iw a smaller number of cases. A few tests were made with the 
sublingual administration of 0.6 mg. of glyceryl trinitrate (nitroglycerin). 

The venous pressures were determined by a modification of the method of 
Moritz and Tabora.”. The apparatus used is shown in Fig. 1. The precautions 
recommended by Lyons, Kennedy, and Burwell® were closely observed. The 
needle was left in the vein during the entire period of observation. Clotting was 
prevented by adding a 2.5 per cent solution of sodium citrate at the rate of 
from 6 to 8 drops per minute. Theophylline and the drugs used for the deter- 
mination of the circulation time were injected through a three-way stopcock. 
Therefore with one venepuncture it was possible to follow the venous pressure 
tor one or two hours, introduce the drugs to be tested, and determine the 
circulation time as often as desired. The spontaneous changes of the venous 
pressure were studied by this method for varying periods of time, generally 
about twenty minutes, before the introduction of any drug. After a drug had 
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been administered readings were taken every few minutes until the effect had 
worn off or the test had to be interrupted for other reasons, especially restless- 
ness of the patient. 

The arm-to-tongue circulation time was determined before and one or 
more times after the drug had been administered. For most tests decholin 
was used. When this was not available, from 2 to 3 ¢.c. of a 25 per cent 
solution of magnesium sulfate or 2 ¢.c. of a saturated solution of saecharin 
were used instead. Saccharin was found less suitable as it may cause a painful 
spasm of the vein into which it is injected. This gives rise to a disturbing 
temporary elevation of the venous pressure. 


Container with 
sodium citrate----} = -----Manometer 


Regulating 


clamp 


Murphy 
drip 








Three way 
| | stop cock 


Fig. 1. 


Plasma volume determinations* were carried out according to the method 
of Gibson and Evans’ as modified for the photoelectric colorimeter by Gibson 
and Evelyn.’ Gibson and Evans found that after the injection of from 15 
to 20 mg. of Evans blue the dye was completely mixed with the blood in from 
ten to twenty minutes. However, in our cases of congestive heart failure the 


*We are greatly indebted to Dr. R. Dubach, for her assistance in carrying out these 
determinations. 
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circulation was retarded and from forty-five to sixty minutes were allowed 
to elapse. After this period three blood specimens were drawn at from seven- to 
ten-minute intervals. Then 0.48 Gm. of theophylline aminoisobutanol was 
injected, and from five to ten minutes thereafter three more blood specimens 
were drawn. The dye concentrations were determined by means of the photo- 
electric colorimeter, and the plasma volume was computed following directions 
by Gibson and Evelyn. Venous pressure determinations were made simul- 
taneously. 
RESULTS 


Preliminary Observations—In fourteen patients with congestive heart 
failure, heart rate, arterial blood pressure, venous pressure, arm-to-tongue 
circulation time, and vital capacity were determined before and fifteen minutes 
after the intravenous administration of 0.24 or 0.48 Gm. of theophylline amino- 
isobutanol In almost all eases the administration of the drug was followed 
by a decrease of venous pressure and shortening of the circulation time. Con- 
sequently it was decided to investigate further these two effects. Heart rate, 
arterial pressure, and vital capacity remained essentially unchanged. 


Venous Pressure 


Changes of Venous Pressure Apart From Drug Effect.—It soon beeame 
apparent that the venous pressure varied widely apart from any drug effect. 
Frequently the highest reading was obtained immediately after the needle had 
been introduced into the vein. Within a few minutes the pressure fell to a 
lower level where it remained stationary. Pogany® states that the meechanieal 
irritation of venepuncture may give rise to a spastic contraction of the vein 
with a transient elevation of venous pressure. This phenomenon was not 
observed in all patients, but it could usually be repeated in the same individual. 
Relaxation or sleep caused a spontaneous fall in venous pressure. Coughing, 
vomiting, or other acts associated with an elevation of the intrathoracic pressure 


TABLE I 





"| THEOPHYLLINE | _ | 





FALL IN VENOUS | AMINOISO- | AMINOPHYLLINE | ‘N!TROGLYCERIN 
PRESSURE | CONTROL GROUP | BUTANOL GROUP | GROUP GROUP 
MM. OF WATER) | (NO. OF CASES) | (NO. OF CASES) | (NO. OF CASES) | (NO. OF CASES ) 
1 to 19 ao 7 eo) Tae 
20 to 39 24 16 4 5 
10 to 59 3 9 8 4 
60 to 79 3 6 2 2 
S0 to 99 0 I 2 1 
100 to 119 0 0 1 0 
120 to 139 2 0 0 0 
Total number 67 39 ral 3 
Range 2 to 128 8 to 77 11 to 118 18 to 88 
Mean 23.6 36.7 48.0 47.8 
Standard deviation 22.3 16.5 27.8 20.2 
Median 18.0 33.0 48.0 39.0 
litera © e 
Difference of means: 9.47 3.67 39] 


Standard error 





Ik In the control group the fall of venous pressure was measured from the highest to the 
OWest reading obtained. When drugs were given it was measured from the reading just before 
the drug was administered to the lowest reading obtained within thirty minutes. 
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led to a steep rise of the venous pressure, followed by a rapid decline to the 
original level. The venous pressure usually rose during the apneie phase of 
Cheyne-Stokes respiration as previously reported by Meyer and Middleton. 
Sometimes the pressure varied without apparent cause. 

The following observations were made in sixty-seven control periods lasting 
from six to fifty-seven minutes, mostly about twenty minutes. The maximum 
variation from the highest to the lowest reading ranged from 2 to 128 mm. of 


water, with an average of 23.6 mm. of water (Table | 
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Fig. 2. 


Theophylline Aminoisobutanol.—In the majority of cases the injection of 
theophylline aminoisobutanol caused an abrupt fall of the venous pressur 
The drop usually began during the course of the injection which, for reasons 
of safety, was made slowly. Often the lowest point was reached with the end 
of the injection. In other cases the pressure continued to fall; it reached its 
low almost always within the first one-half hour. Thereafter the pressur 
fluctuated for some time in the vicinity of the lowest reading or it began t 
rise again. (Fig. 2.) Often changes attributed to the drug were obscured 
by changes due to other factors which sometimes caused rises before they could 
otherwise be expected. 

To determine the extent of the decrease, the average of the last two read 
ings before the drug was given was compared with the lowest reading obtaine: 
within thirty minutes. In thirty-nine cases in which 0.48 Gin. of theophy! 





( 
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line aminoisobutanol was given, the venous pressure decreased from 8 to 77 mm. 
of water with an average decrease of 36.7 mm. This is considerably more than 
the average Maximum spontaneous variations of 25.6 mm. of water. 

The distribution of the spontaneous decreases in) venous pressure was 
compared with the distribution of deereases which followed the injection of 
theophylline aminoisobutanol and also with those which followed aminophylline 
and nitroglycerin (see below). The statistical analysis of these data is re- 
corded in Table Ll. The difference between the means of the contro] group 
and the theophylline aminoisobutanol group is 3.47 times the standard error. 
This indicates that the differences are significant. This is notwithstanding the 
fact that the differences in the control series were the maximum ones obtain- 
able, while the drug effect was measured consistently as the difference between 
the reading preceding the drug and the lowest reading obtained.* 

The fall of the venous pressure was generally the more extensive the higher 
the pressure before injection. However, no quantitative correlation could be 
established between the height of the original venous pressure and the amount 
of decrease, expressed either in absolute figures or in percentages. This is not 
surprising since we were faced with a reaction which is subject to so man) 
outside influences, 

TABLE II 
TEST ‘TERMIN \TED 
BEFORE SIXTY 
REACTION END REACTION LAS‘ MINUTES AND 


ING WITHIN ING MORE THAN BEFORE END OF 
DRUG SIXTY MINUTES SIXTY MINUTES REACTION TOTAT 


15 ita 38 


Theophylline 19 } 
aminotsobutanol 

\minophylline 

Nitroglvcerin 


21 
13 


The duration of the effect was often difficult to determine because it might 


be obseured by increases in venous pressure due to some of the factors previously 


mentioned. Sometimes restlessness necessitated premature termination of the 
test. 

Arbitrarily the end of the reaction was thought to occur when three con- 
secutive readings were within 10 per cent of the last reading before the drug 
was given. For comparison with the effect of other drugs, it was thought prae- 
tical to divide the cases into those in which the effect ended within sixty minutes, 
those in whieh it persisted beyond sixty minutes, and those in which outside 
factors caused termination of the test within sixty minutes, vet before the re- 
action ended (Table IT). 

Aminophylline.—In twenty-one cases 0.48 Gm. of aminophylline was in- 
jected intravenously. The reaction followed the same pattern as described for 
theophylline aminoisobutanol. The decline of the venous pressure from the pre- 
injection to the lowest reading ranged from 11 to 118 mm. of water with an aver- 


*We are indebted to Dr. E. Gurney Clark, for his assistance in the statistical analysis 
f our data. 
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age of 48.0 mm. (Table I). The duration of the aminophylline effect on the 
venous pressure is seen in Table II. The impression that it lasts longer with 
this drug than with theophylline aminoisobutanol or nitroglycerin rests upon too 
few observations to be convincing. 

Nitroglycerin.—In thirteen cases 0.6 mg. of nitroglycerin was given sub- 
lingually. Usually the pressure began to fall steeply within one minute after 
the administration of the drug. The decrease from the reading before nitro- 
glycerin to the lowest value ranged from 18 to 88 mm. of water and averaged 
47.8 mm. for the thirteen cases (Table I). 

Failure of Response.—The eases in which the venous pressure failed to de- 
crease fell into two groups. The larger group comprised cases in which the 
venous pressure was not elevated prior to drug administration. In these there 
was little opportunity for a significant decrease. The second group contained 
eases in which the venous pressure was definitely above normal but responded 
poorly to the drug, that is, fell to less than 20 mm. of water. We encountered 
five such eases in the theophylline aminoisobutanol group, two in the amino- 
phylline, and none in the nitroglycerin group. The reason for the failure to 
react was uncertain, but most of the patients were markedly decompensated and 
failed to react to other therapeutic measures as well. 


Repeated Tests—In many cases the test was repeated once or several times 
in the same patient on different days in order to test the individual constancy 
of pattern. Again, the great spontaneous variations made comparison difficult. 


The venous pressure changed so much from day to day that rarely were the 
starting points the same. 
Circulation Time 

The arm-to-tongue circulation time was measured on 168 occasions. Being 
a ‘‘subjective’’ test it is influenced by the patient’s ability to recognize the taste, 
but there was no doubt that theophylline aminoisobutanol often shortened the 
circulation time, more so the longer the original time. The second reading was 
taken approximately fifteen minutes after the beginning of the administration 
of the drug. The results are summarized in Table ITT. 


AVERAGE 
SHORTENING Of} 
CIRCULATION 
DRUG ‘ASES DOSE TIME IN SECONDS 





Theophylline aminoisobutanol ¢ 0.24 Gm. “10.4 
Theophylline aminoisobutanol 0.48 Gm. 12.8 
Aminophylline ¢ 0.48 Gm. 16.8 
Nitroglveerin (sublingual ) ¢ 0.6 mg. 86 





There was relatively little difference between the effect of the various prepa- 
rations. Perhaps nitroglycerin in the customary doses is somewhat less effectiv: 
in accelerating the circulation. Not enough tests were made to determine how 
long the effect lasted, but we had the impression that it passed off in from thirt 
to ninety minutes or about simultaneously with the drop in venous pressure. 
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Comparison Between Circulation Time and Venous Pressure.—For the pur- 
pose of the following analysis the upper normal limits of the circulation time 
and venous pressure were considered to be twenty seconds and 120 mm., respec- 
tively. In our observations it was more common for the circulation time to be 
prolonged while the venous pressure was normal than for the reverse to oceur. 
In only one case was the venous pressure elevated (158 mm.) while the cireula- 
tion time was low (ten seconds) ; this patient had a marked anemia, a condition 
which accelerates the circulation. These observations would suggest that the 
slowing of the circulation time is a more fundamental change in congestive heart 
failure than is inerease in venous pressure. 

Following the drugs both venous pressure and circulation time were affected 
in most eases. Changes of less than five seconds in the circulation time or of less 
than 20 mm. for the venous pressure were not accepted as drug effects. In no 
case was the circulation time shortened without fall of the venous pressure; in 
eleven cases the venous pressure fell while the circulation rate remained un- 
affected. This observation again supports the impression that slowing of the 
circulation rate is more fundamental than increase of venous pressure in con- 
vestive heart failure. Four eases failed to respond in both respects. 


Plasma Volume 


Plasma volume determinations were earried out in six eases before and 
“XN 


after the injection of 0.48 Gm. of theophylline aminoisobutanol. In no ease 


TABLE IV. DETERMINATION OF VENOUS PRESSURE AND PLASMA VOLUME BEFORE AND AFTER 
INJECTION OF THEOPHYLLINE AMINOISOBUTANOL 
(PATIENT W. G.; AGE, 60 YEARS; DIAGNOSIS, ARTERIOSCLEROTIC HEART DISEASE) 





VENOUS PRESSURE PLASMA VOLUME | 
TIME (MM. OF WATER) (C.C.) 
s+ = #& °° °° 328 _ , ie a 
10:2 288 3,873 
10:2: 27 
10:5 280 
10:28 3,750 
10: 264 
268 
272 
10:38 270 
10:38 
10: 268 
10:42 270 
to 10:46 Theophylline aminoiso- 
butanol, 0.48 Gm. 
intravenously 
232 
224 
220 








226 
999 
999 
22a 
226 


230 
242 
254 
258 
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could a significant change in dve concentration and plasma volume be observed, 
even though the venous pressure fell as usually. This indieates that there was 
no important shift of fluid from the blood into the tissues during the period of 
observation. A representative protocol of one of these tests is reproduced in 
Table IV. 

DISCUSSION 

Prolongation of the circulation time and elevation of the venous pressure 
are fundamental factors in the pathogenesis of congestive heart failure. An 
improvement in the circulation will necessarily be associated with a relief of 
venous congestion and an acceleration of the circulation. Our observations estab- 
lish that theophylline produces these effects and that this drug, therefore, should 
have a definite place in the treatment of congestive heart failure. The effeet 
hegins almost instantaneously but soon wears off. Therefore, the drug will be 
most useful in emergencies. It can be used to precede digitalis action, which ts 
slower in producing an effect but which is more sustained. 

On the basis of clinical experience the use of theophylline has been recom 
mended in the acute phases of congestive heart failure. However, the literature 
contains only a few references to its effect on the venous pressure. The reports 
by Greene, Paul, and Feller* and Robertson and Faust* have been mentioned 
previously. Wilkins, Haynes, and Weiss,'! have reported the fall of venous pres 
sure which follows the administration of nitrites. 

Our observations give no explanation of the mechanism by which theo 
phylline produces the observed reduction of venous pressure and cireulatior 
time. Several possibilities have to be considered: (1) peripheral vasodilation, 
(2) strengthening of the myocardium, (3) indirect improvement of myoeardia 
efficiency due to an inerease of the coronary circulation, and (4) a combination 
of several or all of these factors. 

The fact that the xanthines dilate the small veins has been well established 
experimentally.’?"'* This’ effect would) cause a sidetracking of part of the 
eireulating blood, thus temporarily relieving the load on the tailing heart. Such 
an effect could well account for a decrease of venous pressure and an acceleratior 
of the circulation. 

In the older literature there are found reports that the xanthines increas 
the capillary permeability for water, thereby causing a transudation of fluid 


from the blood into the tissues. This process would’ tend to reduee the plasma 


1 


volume which is usually increased in congestive heart failure’? and bring on thi 
phenomena whieh we have observed. However, the reports coneerning the in 
crease of capillary permeability due to xanthines are based on inconclusive ex 
perimental evidence.'® Our plasma volume studies indicate definitely that no 
appreciable amount of fluid leaves the blood stream concomitant with the fall o! 
venous pressure. We were not concerned with the diuretie action which occurs 
later and may account for sueh changes as observed by Zak,"’ in whieh the time 
factor was not considered. 
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The question whether or not theophylline stimulates myocardial function 
and improves the coronary circulation could not be answered by our clinical 


studies. 
SUMMARY 


Theophylline aminoisobutanol by intravenous administration causes a fall 
in venous pressure and a shortening of the circulation time. These effects are the 
more pronounced the more these funetions are elevated above normal. 

The venous pressure begins to fall while the injection is still in progress. 
The effect persists for about sixty to ninety minutes. The circulation time 
apparently remains shortened for about the same period of time. 

The fall in venous pressure is not accompanied by any changes in the plasma 
volume. 

Aminophylline and nitroglycerin produce the same effects. 

The venous pressure shows wide fluctuations apart from any drug effect. 
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STIMULATION OF THE CENTRAL NERVOUS SYSTEM BY CURARE 
(INTOCOSTRIN ) 


ROSELLEN KE. COHNBERG 
Sr. Louis, Mo. 


HE increasing use of curare (Intocostrin)* as an adjunct to anesthesia 
and for other clineal purposes indicates the need for additional information 
The work of West’ seems to be the only recent 


regarding its action in the body. 
The investigation re- 


extensive pharmacologic study of curare preparations. 
ported herein is a contribution to the toxicology of the particular curare alkaloid 
now readily available. 

Intocostrin is reported by the manufacturers to owe its curare action 
(interference with the passage of impulses from motor nerves to skeletal muscles 
at the neuromuscular junction) almost entirely to its content of d-tuboeurarine, 
an alkaloid found in Amazonian curare. This alkaloid has been erystallized 
and its chemical structure established fairly completely.? It is less potent than 
curarine, the characteristic alkaloid of curare from British Guiana. 


METHODS 


Intocostrin (from 0.5 to 10.0 units per kilogram)t was administered to rats, mice, 
guinea pigs, rabbits, and cats subcutaneously, intramuscularly, intraperitoneally, or intra 


venously. For all injection routes, the drug was diluted if necessary to keep the volume at 


least 0.4 ¢.c. 
veins of rats were used for intravenous injections. 
ether for the exposure of the veins and were allowed to recover to the point of moving 
Practically all the injections were made 


The marginal ear veins of unanesthetized rabbits and the exposed femora! 
The rats were lightly anesthetized with 


spontaneously before the intocostrin was injected. 
rapidly (within two to five seconds); a few slow (from one to 
injections into rabbits indicated that the rate of injection did not make a significant differenc: 
Crystalline d-tubocurarine (6.17 standard intocostrin units per milligram 


four minutes) intravenous 


in the effects. 
was dissolve in Ringer’s solution and administered in suitable dilution by rapid sub 
cutaneous or intramuscular injection to mice and to a few rats and guinea pigs (fro 
0.5 to 1.0 mg. per kilogram). 

Most of the experiments with intocostrin were done on rats (weighing from 150 to 2 
No difference in the susceptibility of the sexes was noted, but it was found 


Ov 


grams). 
that the amount of intocostrin required to kill the rats decreased as their stay in th 
laboratory was prolonged. The deciding factor in this effect was presumably either ag 
or nutritition, but this was not determined. A homogeneous group of rats was used 
far as possible for the sodium amytal series and its control (Table ITT). 


Sodium amytal (from 75 to 100 mg. kilogram, intraperitoneally) was found to p 


duce complete anesthesia in our rats without intocostrin. As the combination of this d 


From the Department of Pharmacology, Washington University School of Medicine. 

Received for publication, May 4, 1946. 
*E. R. Squibb & Sons, New Brunswick, N. J., kindly supplied the Intocostrin and crystal 
line d-tubocurarine chloride used in this investigation. 

tIntocostrin is adjusted by the manufacturers to contain 20 units per cubic centimeter 
a unit being measured by the rabbit head drop crossover method. In this method sma! 
increments of the drug are injected intravenously at fifteen-second intervals until the rab! 
is unable to raise its head under reflex stimulus, An _ early description of the method 
found in Bennett.’ Pp. 04 and Plate 14 We found that 1 unit per kilogram injected in two 
ten seconds into the ear vein of each of two rabbits produced head drop that appeared in 


few seconds and lasted a few minutes. 


S66 
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with intocostrin was usually fatal, sodium amytal was use at the minimum level (between 
50 and 75 mg. per kilogram) that permitted the introduction of a hypodermic needle without 
causing the animal to withdraw its leg. Intocostrin (2 units per kilogram) was then injected 
subeutaneously or intramuscularly, In a few animals in the series, the sodium amytal was 
not injected until severe convulsions had developed following intocostrin injection. 

Oxygen, a mixture of 5 per cent Co, and 95 per cent O,, or cyclopropane, when used, 
was delivered at a rate of 1,000 ¢.c. per minute by an anesthesia gas machine into a 2 liter 
jar in which a rat was placed. Cyclopropane was started in the proportion of 3 parts to 
7 parts of oxygen and then was reduced to the concentration required to maintain light 
anesthesia, Artificial respiration was administered manually or by breathing into a tube 


placed over the animal’s nose. 


Neostigmine methyl] sulfate (from 0.5 to 0.75 ¢.c. 1/4000) was injected intramuscularly 


into two rats. 
RESULTS 

Effects of Intocostrin and d-Tubocurarine Chloride.—Preliminary injection 
of intoeostrin into frogs confirmed the results of workers with other curare 
preparations by producing muscular relaxation when the injection was made into 
the lymph sae and stimulation and tonic convulsions when the injection was 
made into the cerebrospinal canal through the foramen magnum. 

The mammals injected with either intocostrin or d-tubocurarine chloride 
manifested: (1) weakness, flaccidity, decrease of normal activity, paralysis 
(regarded as signs of curarization) and (2) with the same or a larger dose, ties, 
tremors, convulsions (signs of nervous stimulation). All species showed both 
stimulation and ecurarization but to varying degrees; muscular relaxation was 
more prominent in rabbits and eats, nervous stimulation in rats and mice. The 
course of the poisoning following subcutaneous or intramuscular injection in rats 
will be deseribed, and then the variations observed with different species or 
modes of injection will be pointed out. The results of all of these experiments 
are summarized in Table I. 

Small subcutaneous or intramuscular doses in rats (from 0.5 to 0.75 units 
per kilogram) produced weakness, trembling, and marked decrease of spon- 
taneous movements but hyperreactivity to external stimuli. Rats given 1 unit 
per kilogram exhibited gnashing of teeth, facial ties, twitching of back muscles, 
and spasms of respiratory muscles. The animals recovered from these subcon- 
vulsive doses in varying short lengths of time and showed no apparent after- 
effects. 

Generalized convulsions of clonie-epileptiform type were produced in all 
rats given 1.25 or more units per kilogram. The convulsions were preceded by 
incoordination in walking, generalized trembling and weakness, decreased spon- 
taneous activity, and the other effeets observed with smaller doses. A char- 
acteristie convulsion began at the mouth, travelled up to the ears and eyes, and 
thenee, like a shudder, down the back; the tail was drawn slightly dorsally. 
The aeecompanying or succeeding violent clonic movement of the whole body 
resulted in some animals in leaps of five or six inches upward and from one 
to twelve inches forward. The convulsions seemed to arise spontaneously or in 
response to almost any external stimulus, no matter how slight. An individual 
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convulsive seizure was occasionally introduced by a tonic phase. Each seizure 
lasted from a few seconds to a minute. The generalized convulsions were suc- 
ceeded by a stage of localized muscle spasms and ties. The ability to move in 
response to external stimuli was not lost at any time in nonfatal cases, nor in 
10 per cent of the fatal cases until the very end. In most of the fatal cases, it 
was retained through the first violent convulsions but disappeared in the as- 
phyxial stage. 

The time-course of the poisoning with convulsive subcutaneous or intra- 
muscular doses in rats was as follows: No matter how large the dose, convul- 
sions seldom started within thirty seconds after the injection. The average 
time to the first convulsion was about three minutes, whether the animal was 
left free to run about or was confined to a small area. Trembling began about 
one minute before the first convulsion. Individual convulsions were no more 
vaolent in the fatal than in the nonfatal cases, but they were more numerous ; 
the stage of generalized convulsive seizures lasted on the average six minutes. 
With a nonfatal dose convulsions were followed by recovery in forty-five minutes 
to two hours. With a fatal dose respiration ceased on the average fifteen and 
one-half minutes after the injection, and the heart beat was not palpable two 
minutes later unless artificial respiration was instituted. 

Respiration appeared to be normal in rate, depth, and character until the 
onset of convulsions or even during mild convulsions. With the appearance ot 
violent and frequent convulsions (that is, three seizures per minute), apneusis 
occurred during the convulsions. Cyanosis was not visible around the mouth 
or in the paws until this stage was reached, but then it soon became marked, 


. ‘ . . . 
in spite of normal or deep-labored breathing between convulsions. Typical 
asphyxial gasps eventually developed, and in fatal cases death was due to 


asphyxia. 

The subcutaneous or intramuscular dose required to kill 95 per cent of the 
rats was 2 units per kilogram. It appeared to be the same whether the drug 
was given all in one injection or in fractional injections following each other 
within a few minutes. Although rapidly repeated doses were markedly cumula- 
tive, rats given a convulsive, subfatal dose on three suecessive days seemed 
entirely normal as to gait, appetite, motor activity, nervous system reactivity, 
and escape patterns. 

The effects of a given dosage of intocostrin were apparently the same after 
intraperitoneal injection (seven rats) as after subeutaneous or intramuscular 
injection. With intravenous injection (twenty-six rats), however, the dosage 
required for any given effect was smaller (Table I), and the effects appeared 
more promptly. Apneustic breathing began almost immediately after intra- 
venous injection, and there was time for only a few ties and a few clonic move- 
ments before death occurred (sometimes within one minute) in fatal eases. 
Opisthotonus was regularly observed with intravenous injectign, in addition to 
the signs of central nervous stimulation seen with subeutaneous and _ intra- 
muscular injection. That the ether anesthesia preceding intravenous injection 
affected the results observed is not unlikely. 
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The effects of intocostrin in guinea pigs and mice were substantially the 
same as in rats, except that (1) larger doses were needed to produce the 
effects (Table 1) and (2) the time to the appearance of the signs of poisoning 
was longer. Subcutaneous injection into mice resulted in poor absorption and 
few symptoms, and somewhat larger intramuscular doses were required in 
mice than in guinea pigs. Intramuscular injection of intocostrin into two 
eats resulted in greater muscular relaxation and less marked stimulation than 


in rats, mice, and guinea pigs. The cats survived until six to eight units per 
TABLE I, A. SUSCEPTIBILITY OF DIFFERENT SPECIES TO INTOCOSTRIN: B. SUSCEPTIBILITY OF 

MICE TO CRYSTALLINE D-TUBOCURARINE CHLORIDE CONTAINING ] STANDARD 
INTOCOSTRIN UNIT PER 0.162 Ma. 


DOSAGE UNITS PER KILOGRAM 


6.0 
1.50 OR 
MORI 
\. Intoecostrin 
Rats 
Subcutaneous or) € 0/: 
intramuscular) F 0/2 
| 


J | 
Intraperitoneal 


Intravenous 


Guinea pigs 
Subcutaneous or| 
intramuscular! 
Cats 
Intramuscular 


Rabbits 
Intramuscular 


Intravenous 





Mice 
Intramuscular 





. d-Tubocurarine 
Mice Beers C3/3 
Intramuscular | | | | PUs5 F 3/3 
Under each dosage is entered the ratio (C) of the number of animals exhibiting con- 
vulsions to the number of animals given that dosage and the ratio (7) of the number of ani 
mals killed to the number given that dosage. 


€ 3/3 
F3/3 


kilogram were administered. Rabbits were somewhat more resistant than eats 
to intramuscular intocostrin, from eight to ten units per kilogram being the 
fatal dose. Rabbits manifested few, if any, signs of stimulation with this route 
of administration until marked asphyxia developed. 


Intravenous administration, however, produced in rabbits qualitatively the 
same effects as subcutaneous or intramuscular administration in rats, provided 
a sufficient dose was given. 


With 1 unit per kilogram intravenously, marked 
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muscular relaxation, as seen in the head drop method for the standardization 
of intocostrin, was accompanied by no signs of stimulation, and such relaxation 
was invariably the earliest effect of larger (stimulant) doses. With 1.25 units 
per kilogram the relaxation was noted in eight to thirty seconds in the seven 
rabbits given this dose and was followed in another ten to one hundred seconds 
by cyanosis with respiratory disturbance, muscular twitechings, increased excita- 
bility, and clonie convulsions, especially severe when provoked by stimulation. 
Convulsive movements were noted in some of these animals before cyanosis, as 
in rats; more often a slight degree of cyanosis was evident before or at the same 
time as signs of stimulation. The cyanosis became prominent with the onset 
of violent convulsions. As shown in Table I, the fatal intravenous dose for 
rabbits was about the same as the fatal subcutaneous or intramuscular dose for 
rats, but the rabbits died somewhat more quickly (usually within ten minutes). 

Crystalline d-tubocurarine was injected intramuscularly into eleven mice, 
and the results are embodied in Table I(B). Expressed in units, the convulsant 
and fatal activities of this form of the alkaloid do not differ significantly from 
those of intocostrin in, mice. The crystalline form produced qualitatively the 
same effects, including the stimulant ones, at about the same times as intocostrin 
inself in mice and’in a few rats and guinea pigs into which it was injected 
subeutaneously or intramuscularly. 

Antagonists to Intocostrin.—Various efforts to antagonize the effects of 


intocostrin and the results of these efforts are presented Pu Tables II and ITI. 


Artifical respiration instituted after the failure of normal respiration pro- 
longed the lives of fatally poisoned rats and rabbits and, if continued long 
enough to permit detoxification of the drug by the body, would presumably 
have saved them (Table IL). Spontaneous respiration was restored at intervals 
in these animals, and convulsive movements or frank convulsions oceurred dur- 
ing these intervals. All six of the animals given artificial respiration died, as 
did ten rats to which oxygen or 95 per cent O2—-5 per cent COs was administered 
both before and after the intramuscular injection of intocostrin (2 units per 
kilogram). Although administration of the gas was begun some time before 
the respiration was affected, the course of the poisoning was not modified in 
the slightest by this treatment (Table IT). 

Into two rats given the fatal dose of intocostrin by intramuscular injection 
(2 units per kilogram), neostigmine was injected a few minutes after the onset 
of violent convulsions, as soon as the respiration became abnormal (Table II 
Normal respiration was restored promptly, and the animals were able to get up 
within ninety seconds and to struggle forward. Trembling, mild convulsions 
with movement, and violent convulsions following external stimulation continued 
for an hour after the neostigmine was injected, decreasing in intensity with tim: 
The animals survived. 

The indications that central nervous stimulation participated in the toxic 
effects of intoeostrin suggested the use of a central nervous depressant {0 
antagonize these effects. Sodium amytal was tried and found to save the lives 
of 60 per cent of the rats subsequently given the subeutaneous or intramuseul:! 
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TABLE II. RESULTS OF VARIOUS FORMS OF TREATMENT OF INTOCOSTRIN POISONING 


DOSAGE | 
INTOCOSTRIN 
(UNITS. PER 
TREATMENT | ANIMALS | KILOGRAM ) 


RESULTS | REMARKS 





Artificial respiration after Rats 2 C 4/4 Spontaneous respiration re- 
failure of normal . F 4/4 stored for brief intervals 
respiration by treatment; convulsions 

Rabbits 2: ) 2/3 occurred during these inter- 
vals; death followed omis 
sion of treatment from 
twenty to thirty minutes 
after artificial respiration 
was first administered 

100% O, or 95% O,-5% CO, 

Before and after Rats é C 10/10 Course of poisoning exactly as 
intocostrin adminis F 10/10 in untreated rats 
tered 

Cyclopropane (0-80% in O,) 

Rats a ) Concentration of cyclopropane 

Before and after d 30% initially, decreased 
intocostrin adminis- after anesthesia produced ; 
tered Rats 2 ‘ convulsions appeared when 
ever anesthesia was suf- 
ficiently light; level of anes 

Immediately after Rats : »0/ thesia varied as required to 
intocostrin adminis- o/e prevent convulsions on the 
tered one hand or marked depres- 

sion of respiration on the 
From 5 to 20 minutes Rats y 07% other; spontaneous respira- 

after intocostrin y tion was maintained until 
following onset of death in fifteen to eighty 
violent convulsions minutes 

Neostigmine methyl sulfate 
(1 





+000 ) 
Injected intramuscularly Rats : 2/% ‘onvulsions or other signs of 

in small portions (total r Os stimulation persisted for an 
1 mg. per kilogram) hour after neostigmine, de- 
following onset of vio creasing in intensity with 
lent convulsions and time 
impaired respiration 
See Table III for results with sodium amytal. Symbols as in Table I. Intocostrin was 

administered subcutaneously or intramuscularly to rats, intravenously to rabbits. 


TABLE III. PROTECTION OF RATS GIVEN INTOCOSTRIN (2 UNITS PER KILOGRAM SUBCUTANE 
OUSLY OR INTRAMUSCULARLY) BY INJECTION OF SODIUM AMYTAL (FROM 50 TO 75 MG. 
PER KILOGRAM INTRAPERITONEALLY ) 
| AVERAGE TIME TO 
CESSATION OF 
RESPIRATION IN 
| PER FATAL CASES 

NUMBER | PER CENT SHOWING CONVULSIONS | CENT STANDARD 
OF RATS | NONE MILD | SEVERE | KILLED | MINUTES] ERROR 
Intoeostrin alone 40 0 100 95 15.6 +1,4 


TOTAL 





Intocostrin preceded : 0 » 30.3 +6.1 
by sodium amytal 


Intocostrin followed 100 100 
hy sodium amytal after before 
; sodiura sodium 
amytal amytal 
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dose of intocostrin (2 units per kilogram) fatal to 95 per cent given no 
depressant (Table III, column 6). Statistical analysis shows the difference 
between the per cent mortality in the control series and that in the amytal- 
treated series to be highly signifieant. All of the survivors lived and were normal! 
for the fortnight of observation following the experiment. 

The rats given sodium amytal either before or after intocostrin all mani- 
fested complete muscular relaxation early in the poisoning, in contrast to animals 
eiven no depressant in which complete muscular relaxation appeared terminally 
only, if at all. Death, when it occurred in the amytalized rats, followed a pro- 
longed period of flaccid paralysis and nonresponsiveness. In rats given the 
depressant after convulsions had developed, the convulsions became less violent 
and finally ceased, but the animals nevertheless died. Possibly they lived some- 
what longer than if they had not received sodium amytal. The ability of the 
depressant to prolong life is more certainly shown in the series of animals in- 


jected with sodium amytal before intocostrin ; the rats in this series, which were 


not saved by the sodium amytal, lived on the average twice as long after the 


intocostrin was administered as the unprotected rats did (Table IIT, column 7) 

Because intoeostrin is known to be useful clinically in anesthesia with 
evelopropane, an attempt was made to protect rats against a fatal dose of 
intocostrin by means of this anesthetic (Table Il). It was found possible to 
keep the rats alive for over an hour and free from convulsions during. this 
time, whether eyelopropane was started before or after intocostrin was ad- 
ministered. However, all of the animals eventually died under the anesthetic 
or following convulsions which developed when the anesthetic was removed. 
Experience with the method and consequent improvements in technique might 
show eyclopropane to be an effective antidote to intocostrin, 


DISCUSSION 


Interference with the passage of impulses from nerves to muscles, typical 
curare action, is taken to be the pharmacodynamic action of d-tuboeurarine (and 
therefore of intocostrin which contains tuboecurarine) that produces weakness, 
muscular relaxation, and paralysis in mammals. Involvement of the respiratory 
muscles in this effeet certainly accounts in part for the fatal asphyxia, as shown 
by the lifesaving ability of neostigmine in our rats and in the rabbits given 
d-tubocurarine in fatal doses intravenously (1.5 standard intocostrin units per 
kilogram) by Koppanyi and Vivino.* These observations with neostigmine are 
in agreement with much earlier work on anticholinesterases as antidotes to 
eurare. The curarization is obviously far from complete in all the mammals 
used in our experiments. In spite of the current view that the respiratory 
muscles are the last to be affected by curare, curarization of the respiratory 
muscles does not seem to be less complete than that of the other skeletal muscles. 
The two following reports from the literature on curarine in rats are pertinent 
in this connection. Blume® was unable to achieve neuromuscular paralysis 
(tested by electrical stimulation of sciatic nerves) even with near-fatal doses. 
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West's’ °° found that with electrical stimulation of the nerves conduction from 
the phrenie nerve to respiratory muscles might outlast conduction from the 
sciatie nerve to leg muscles or might disappear before the latter. 

Stimulation of the central nervous system, a second, much less familia 
action of curare, is probably also a factor in the action of d-tubocurarine or 
intocostrin in mammals. Phenomena attributed to central stimulation (mus 
cular spasms, convulsions) have been observed consistently following direct 
application of curare preparations to the central nervous system (frogs, dogs ).° 
That the underlying mechanism is actually stimulation of nervous tissue has 
been established by Kecles” recent report™ on the effeet of curarine on the spinal 
cord and roots isolated from the trog. Under the influence of eurarine in a 
concentration twice as great as necessary to block neuromuscular transmission 
both the svnaptie potential of the cord and the discharge of impulses set up by a 
single dorsal root volley were found to be prolonged. With much higher con 
centrations continuous electrical activity occurred spontaneously. The actions 
of curarine on the electrical behavior of the cord therefore resemble those of 
strychnine and are the reverse of curarine effects at sympathetic ganglia and 
at junctions between motor nerves and skeletal muscles. Qur preliminary 
experiments with intocostrin injected into the cerebrospinal canal of frogs 
demonstrate that intocostrin like other curare preparations st mulates the central 
nervous system when applied directly to it. 

Signs of stimulation have also frequently been observed when curare was 
administered by methods other than direct application to the central nervous 
system. Blume produeed convulsions and other signs of stimulation in. rats, 
mice, guinea pigs, and, in a milder degree, even in cats by the subcutaneous 
or intravenous administration of curarine or calabash-curare. West observed 
stimulation of several mammalian species with various curare preparations 
and came to the conclusion that central nervous excitation is an action of 
certain forms of curare, although apparently not of curarine or d-tubocurarine. ! 
That tubocurarine nevertheless actually possesses stimulant activity is strongly 
indieated by the recent work of MelIntyre, Dunn, and Tullar.”.) They report 
increased electrical activity of the brains of dogs given this alkaloid intra 
venously. The increase, although ‘‘transient,’” appears to be considerable and 
may affect either voltage or frequeneyv. The succeeding period of depressed 
activity in these animals reealls the observations of Pick and Unna™ on the 
brains of pithed frogs given d-tubocurarine into the Iwimph sae. They observed 
inbitition and suppression of brain eleetriecal activity with this and other 
curarizing substances; however, inasmuch as strychnine and pierotoxin failed to 
have any stimulant effeet in similar frog experiments, these observations do 
hot contradict the view that intoecostrin stimulates the central neryous system 
of mammals direetly. 


It may be argued that the signs of central stimulation observed following 


the administration of curare preparations by other routes than direct apphea 


tion to the central nervous system are in fact due not to drug action on this 
system but to the production of asphyxia by the curarization of respiratory 
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neuromuscular junctions. This interpretation, although found in the litera 
ture," * is difficult to defend in view of (1) the stimulant activity of directl) 
applied ecurare, (2) the limited degree to which classical curarization occurs in 
mammals, and (3) the presence of stimulation in some eases in the absenc 
of overt asphyxia. 

That direct central nervous stimulation plays a significant role in the 
action of intocostrin administered in large enough dosage by any route to 
mammals is indicated by (1) the ability of sodium amytal to prolong or save 
the lives of rats given a fatal dose of this form of curare, (2) persistence of signs 
of central nervous stimulation in rats after antagonism of the peripheral neuro- 
muscular effects of neostigmine, and (3) lower fatal dosage for species respond- 
ing to the drug with marked stimulation (rats, guinea pigs) than for species 
responding with marked relaxation (cats, rabbits). Some of the species differ- 
ence is associated with difference in rate of absorption of the drug from the 
tissues, but the difference in the size of the fatal intravenous dose for rats, 
and rabbits, for instance, is probably associated with the greater ease of produc 


ing convulsions in the former. 


Since the protective effect of neostigmine affords evidence that neuro- 
muscular depression also plays a significant role in the toxie action of into- 
costrin, it is assumed that both central stimulation and neuromuscular depression 
contribute to the intocostrin asphyxia fatal to mammals. The asphyxiating 
power of depression of respiratory neuromuscular junctions is obvious. Central 
stimulation by producing convulsions would greatly increase the oxygen used 
by the body (perhaps three- or fourfold if the convulsions were equivalent to 
severe exercise) at a time when the respiratory apparatus was so incapacitated 
by the peripheral effect of the intocostrin as to be hardly able to meet the basal 
oxygen requirements. Moreover, convulsive waves of activity in the brain 
doubtless interfere with the orderly transmission of respiratory impulses and 
therefore lead to inadequate respiratory movements or respiratory arrest. Any 
agent that prevented convulsions would therefore decrease ‘the degree of as- 
phyxia, and anyone of many central depressants might be expected to protect 
animals against a fatal dose of intoeostrin. 

Koppanyi and Vivino* observed that ephedrine and tYramine, although 
themselves useless as antidotes to d-tuboeurarine, when combined with physostig- 
mine or neostigmine, protected rabbits against 1.33 to 2 fatal doses of the curare 
alkaloid. Physostigmine or neostigmine alone had no protective value against 
more than one fatal dose (1.5 units per kilogram). The mechanism by which 
the long-lasting sympathomimetic agents produce their effect is unknown. 

The classification of ecurare convulsions as strychninelike by various 
workers seems to us incorrect for mammals; MeGuigan’s’ statement that the con- 
vulsions resemble those produced by picrotoxin more than those produced by 
strychnine agrees with our experience. In MeGuigan’s experiments as in ours 
and in all others described in any detail in the curare literature, the character 
of the convulsions indicates that, in contrast to strychnine, the curare alkaloids 
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produce convulsions in mammals by stimulation at a central nervous system 


level higher than the spinal cord. 

Our experimental results reinforce the frequent but not superflous warn- 
ing against the use of intocostrin in patients without having immediately 
available effective means (artificial respiration, neostigmine) for combating 
respiratory disturbances. In addition, our results suggest that some means ot 
producing central depression should also always be available when intocostrin 
is to be used clinically. Although it is clear from the size of the dose recom- 
mended for clinical use (from 1.1 to 3.3 units per kilogram, intravenously or 
intramuscularly) that man must be relatively insensitive to the stimulant effects 
of d-tuboeurarine (see also West,’ ” *°) signs of stimulation (muscle twitchings, 
reflex. activation) have been reported with intocostrin in unanesthetized pa- 
tients'!* and incompletely anesthetized patients.'* That these signs are not en- 
tirely asphyxial is shown by clinical success in controlling them with increased 
anesthesia. Certain it is that such signs do not indicate the need for more 
intoeostrin. Griffith believes that in large doses intocostrin has some central 
action in man, but he does not specify the nature of the action.’ 

In addition to overcoming any central stimulation produced by intocostrin, 
the use of a central depressant has the advantage of increasing the degree of 
muscular relaxation resulting from a given intocostrin dose. In animals, mus- 
cular relaxation with intocostrin is incomplete unless a central nervous depres- 
sant is used; evidently central depression makes an important though obscure 
contribution to 


‘curarization’’ of skeletal musele by intocostrin. In unanesthe- 
tized patients, likewise, complete muscular relaxation is not ordinarily observed as 
the result of the peripheral action of intocostrin, although it has been reported 
with large intravenous doses causing unconsciousness.'!? Cullen, who was unable 
to obtain sufficient abdominal muscle relaxation to permit satisfactory examina- 
tion of a patient without premedication even with the intravenous injection of 
an amount of intocostrin that resulted in respiratory paralysis,’? regards 
properly conducted inhalation anesthesia as essential for the suecessful and safe 
production of complete muscular relaxation with intocostrin.’® Mallinson’® 
considers anesthesia as deep as the second plane of the surgical stage requisite 
for maximum abdominal relaxation when intocostrin is used. 

For two reasons, therefore, to antagonize any central stimulation and to 
contribute towards muscular relaxation, means for depressing the central nerv- 
ous system would appear to be potentially valuable whenever intocostrin is to be 
used. Our experiments do not indicate which would be the most useful depress- 
ants for this purpose. They do however suggest that sodium amytal should be 
used with great caution, if at all, in view of the toxicity to rats of the eombina- 
tion of sodium amytal with intocostrin. The cause of the toxicity was not 
investigated ; it may be related to one or several of the known side actions of 
amytal in the body. For surgical operations, intocostrin is frequently combined 
with one of the inhalation anesthetics or with sodium pentothal. Possibly one 
of these should be the depressant available for use if needed with intocostrin in 
other eases. However, two of these depressants have been shown to possess 
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curariform activity (ether in considerable degree, sodium pentothal slightly )' 
and so are not unobjectionable. The known central stimulant action of morphine 
makes it unsuitable likewise. 


SUMMARY 


/ 
1. Intocostrin or crystalline d-tubocurarine chloride, injected in sufficient 


dosage subcutaneously, intramuscularly, intraperitoneally, or intravenously into 
rats, mice, guinea pigs, rabbits, and eats, produces hyperexcitability and clonic 
convulsions in addition to partial curarization, 

2. Signs of central nervous stimulation are more conspicuous In some species 
than others and are shown by rats without signs of asphyxia. Species (rats, 
euinea pigs, mice) manifesting much stimulation are killed by smaller doses of 
the drug than species (rabbits, cats) manifesting more curarization. 

3. With fatal doses, death in all these animals is due to asphyxia, attributed 
In part to curarization of respiratory neuromuscular junetions peripherally 
and in part to stimulation centrally. The asphyxia may be relieved by neo 
stigmine (peripheral action) or by sodium amytal (central action). Sodium 
amytal protects 60 per cent of rats from the effects of a dose of intocostrin (2 
units per kilogram) fatal to 95 per cent of untreated rats. The other 40° per 
cent of rats given sodium amytal prior to intocostrin live twice as long after th 
Intocostrin injection as those not given sodium amytal. 

4. Central nervous depressants (sodium amytal, evelopropane), decrease, 
abolish, or prevent intocostrin convulsions. Reduetion of asphyxia by oxygen 
administration or artificial respiration is less, if at all, effeetive in controlling 
convulsions. 

5. The conclusion from these observations that central nervous stimulation 
is one of the pharmacodynamic actions of intocostrin is in agreement with the 
conclusions of other workers using other curare preparations. 

6. The flaceidity and decrease of spontaneous movements manifested by 
mammals given intocostrin or d-tubocurarine alone do not develop into com 
plete neuromuscular paralysis until just before death. In animals given a cen 
tral nervous depressant in addition to intocostrin museular relaxation becomes 
complete at an early stage of intocostrin action. 

7. Certain central nervous svstem depressants may be useful adjuncts to 
intoeostrin to combat central stimulation as well as to increase muscular relaxa- 


tion. 


The author would like to express her sincere appreciation to Dr. Helen Graham, for 
aid and advice in this research, 
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HEMOGLOBIN LEVELS IN SPECIFIC RACE, AGE, AND SEX GROUPS 
OF A NORMAL NORTH CAROLINA POPULATION* 


D. F. Mitam anp Huco Muencu 
New York, N. Y. 





STUDY of the distribution of hemoglobin levels in a population may g) 
furnish important information regarding its nutritional status. At the T 
same time, the expected frequency of occurrence of different hemoglobin values Si 
in a presumably normal population should be delimited in order to indicate g] 
those which may have a pathologie basis. ta 
During the years 1940-1945 large population groups in North Carolina were ml 
studied to determine their nutritional status. In the course of these surveys a th 
eareful estimate of hemoglobin level was made for each of 3,029 persons, 2,165 eC. 
of whom were white and 861 (28.4 per cent) colored. This racial distribution th 


represents fairly closely that of the area studied and that of the state as a whole. 
The surveys were conducted in Chatham, Alamance, Orange, and Wayne 
counties. With the exception of Wayne, all of these counties lie in or near the 
fall line just west of the coastal plain. The results of the studies have appeared 
in several publications.‘** The samples selected for the study comprise families 
chosen to represent as nearly as possible the population of the county in ques- 
tion. 

Wayne County, in the midcoastal plain, was the only one in which hook- 
worm infection or malaria might affect the ‘‘normality’’ of the hemoglobin 
values. Extensive hookworm studies recently made there* showed a light in- 
festation of some 20 per cent of the population. Of the blood films taken through- 
out the year of study in this county and examined by the malaria section of the 
North Carolina State Board of Health, only one showed malaria parasites. No 
other disease was recognized which might have unduly influenced the hemoglobin 
levels. It may be assumed, therefore, that the population studied provides a 
fair picture of hemoglobin values for a normal population from this area. St 


Mi 


METHOD 


Evelyn’s method® of determining hemoglobin by the photoelectric color- 
imeter was employed. Blood samples of approximately 30 ¢.c. were oxalated 
when drawn in small bottles with rubber stoppers, and hemoglobin tests were 
made some two to four hours later. At this time the blood components were 
remixed by inverting the bottle a minimum of fifteen times, and the pipette was 
filled from the middle of the bottle. Red cell counts and hematocrit and hemo- 
globin determinations were then made. One-tenth cubie centimeter of whole Li 
blood was added to a flask containing 50 c.c. of distilled water, the pipette being 
thoroughly rinsed therein. Ten cubie centimeter aliquots, each with one drop of 


Received for publication, June 5, 1946. 


*The observations on which this paper is based were a joint activity of the North 
Carolina State Board of Health, Duke University School of Medicine, and the International 
Health Division of The Rockefeller Foundation. 
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concentrated ammonia added and mixed, were examined within ten minutes 
in the Evelyn colorimeter with 540 filter and 10 mm. aperture and dim light. 
The galvanometer readings were converted into L values from Evelyn’s tables. 
The L vahies were multiplied by 100/2.58 to obtain estimates of grams of 
hemoglobin per 100 c.e. 

STATISTICAL TREATMENT 

The examined population was subdivided by color and sex into two age 
groups, differentiating persons under 12 from those who were 12 and over. 
There are, therefore, eight subgroups exhibiting certain differences for con- 
sideration. In Figs. 1 and 2 are shown graphically the distribution of hemo- 
globin values for each subgroup. To facilitate comparison the frequencies per- 
taining to each distribution have been converted to pereentages of the total 
number of persons in the subgroup. These are plotted on the vertical seale of 
the histogram. On the base scale the amounts of hemoglobin in grams per 100 
e.e. of blood are entered for the mean of the group and for various multiples of 
the standard deviation. 

In Table I are listed the values of the means and standard deviations for 
each subgroup, together with their standard errors. Also included in Table I 
are the limiting hemoglobin values for each distribution, betwéen which half of 
TABLE I, DISTRIBUTION CONSTANTS OF HEMOGLOBIN LEVELS FOR WHITE AND COLORED PoPpvu- 

LATIONS BY AGE AND SEX, AND WITH LIMITS BETWEEN WHICH ONE-HALF AND 
NINETEEN-TWENTIETHS OF THE OBSERVATIONS MAY BE 
EXPECTED TO FALL 





WHITE — COLORED 





| 
GRAMS OF HEMO- | GRAMS OF HEMO 
| NUM- | GLOBIN NUM- | GLOBIN 
BER | PER 100 c.c. BER PER 100 c.c. 
Mean 
Under 12 Bovs 357 12.67 + 0.046 193 11.89 + 0.078 
Girls 362 12.54 + 0.046 188 12.13 + 0.062 
12 and over Men 611 14.25 + 0.049 212 13.76 + 0.086 
Women 838 12.87 + 0.043 268 12.16 + 0.087 
Women (fitted curve) 796 13.08 236 12.64 
Standard deviation 
Under 12 Boys 0.867 + 0.032 1.082 + 0.055 
Girls . 0.874 + 0.032 0.845 + 0.044 
12 and over Men 1.209 + 0.035 1.249 + 0.061 
Women 1.254 + 0.031 1.430 + 0.062 
Women (fitted curve) 0.911 0.815 
Limits of one-half distribution 
Under 12 Boys 12.09 - 13.25 11.16 - 12.62 
Girls 12.01 - 13.11* 11.56 - 12.70 
12 and over Men 13.43 - 15.07 12.92 - 14.60 
Women 12.02 - 13.72 11.20 - 1342 
Women (fitted curve) 12.48 - 13.70 12.09 - 13.19 
Limits of nineteen-twentieths of distribu- 
tion 
Under 12 Boys 10.97 - 14.37 9.77 - 14.01 
Girls 10.95 - 14.17* 10.47 - 13.79 
12 and over Men 11.88 - 16.62 11.31 - 16.21 
Women 10.41 - 15.33 9.36 - 14.96 
Women (fitted curve) 11.30 - 14.88 11.04 - 14.24 








r 


*First individual (hemoglobin, 6.5 Gm.) omitted. 
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the observed values may be expected to fall, as well as the limits between which 
nineteen-twentieths of the expected values will lie. Individual observations 
falling outside the latter limits would be rare and therefore under suspicion of 
being abnormal. 

The histograms for six of the distributions shown in Figs. 1 and 2 are fitted 
with normal frequeney curves having the means and standard deviations of the 
observed distributions. It is apparent that these curves are good expressions ot 
the observed oceurrence of hemoglobin values and may be used to express thi 
probability of obtaining other observations in such groups between any given 
values. It is obvious, however, that when such curves are applied to the data 
for the two groups of women, although they describe the distribution of the 
great majority of the observations, they fail to take into account a number with 
very low values. Among white adult females 42 of the 838 individuals (5 per 
cent) fall below and outside the normal curve fitted to the bulk of the observa 
tions, and among colored women 32 of 268 (12 per cent) fall below the lower 
limit set by the fitted curve. 

None of the usual frequency distributions of the Pearsonian series gave an 
adequate picture of the observations pertaining to the two groups of women 
Finally, normal frequency curves were fitted to approximately three-quarters ot 
the observations at the upper end of the distribution by the method of incom- 
plete moments® and the curves then extended through the lower ends of their 
ranges. As indicated in Figs. 1 and 2, there is an excess of observations for 
each of the two groups over the expected number at the lower end of the hemo 
globin scale. 

In Table I two sets of means and standard deviations are given for each 
group of women. Those derived from all the observations are entered first and 
those from the fitted curve, second. The means and standard deviations plotted 
in Figs. 1 and 2 are the ones pertaining to all observations. 


DISCUSSION OF RESULTS 


It appears that, in general, the hemoglobin values encountered in the sub- 
groups of this surveyed population can be expressed in terms of a so-called 
normal frequency distribution. This is strictly true for men and for children of 
both sexes with the exception of one girl with 6.5 Gm. of hemoglobin per 100 
e.c., which was completely outside the range of expected values. From 90 to 
95 per cent of women have values which are well described by the normal curve. 
with the remaining observations falling below the expected range. The fact 
that this divergence is confined, with one exception, to women suggests that the 
apparent deficiency is linked with the reproductive processes, possibly with the 
menstrual cycle. At any rate, low hemoglobin values may be encountered oc- 
easionally in women without arousing the suspicion of an acute disease process 
In a survey of hemoglobin levels in Great Britain in 19438’ the values of 1 per 
cent of men were found to fall below 80 (Haldane-Gowers hemoglobinometer 
reading), while those of 6 per cent of single women and 10 per cent of married 
women fell below this level, which tends to confirm the observations reported in 
this paper. 
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In Table I it is indicated that the average hemoglobin values for white per- 
sons in all groups are higher than the corresponding ones for colored persons, and 
the difference in each instance is statistically significant. Sex differences in 
average level are negligible for children, but men have considerably more hemo- 
globin than do women, even if the very low values pertaining to the latter are 
omitted. Men have a higher average level than do boys, but the average for 
women is only slightly higher than that for girls. 

The dispersion of the observations, as measured by the standard devia- 
tion, is greater among adults, both males and females, than it is among children. 
The seatter of the values under the fitted curves for women, however, is similar 
to that for girls. If the fitted curve may be considered, an expression of the 
distribution of hemoglobin values not affeeted by the factor or factors tending 
to pull down the level, there is little difference between the distributions of girls 
and women or between those of boys and women. Men, however, present defi- 
nitely higher levels which are accompanied by a wider scatter of the individual 
observations. 

Again it may be concluded from Table I that only rarely will a normal 
white child be encountered in such a population with less than 11 Gm. of hemo- 
globin per 100 e.c. of blood, a white man with less than 12 Gm. or a white woman 
with less than 10.4 Gm. Corresponding values for a colored population would 
be from 0.5 to 1 Gm. less. 

TABLE II. MEAN DAILy INTAKE OF TRON IN THE DIET (FouR NORTH CAROLINA COUNTIES, 
1940-1945) 


NUMBER OF INDIVIDUALS | MILLIGRAMS OF 

LOCATION AND DATE WHITE | COLORED WHITE COLORED 
Chatham County, 1940-1941 244 : 8.6 6.3 
Wayne County, 1941-1943 933 45% 9.4 8.8 
Alamance County, 1943-1944 612 36 LET 11.2 
Orange County, 1944-1945 232 16.2 


Total ~ 2021 


“Total 


IRON 

















Attempts to raise hemoglobin levels in individuals have not always resulted 
in a permanent rise, even while curative treatment is being continued.’ Further- 
more, individual variations within a normal range are to be expected, as has 
been shown here. Consequently, a person with a low reading, particularly if a 
Woman, must be carefully examined before such a value ean be assumed to 
have a pathologie basis. While menstrual blood loss offers a ready explanation 
for low hemoglobin levels among women, there is need for more definite informa- 
tion regarding the correlation between the amounts of blood lost and hemo- 
globin readings before this reason can be accepted as valid. 

Dietary factors no doubt influence hemoglobin levels. Variation in copper 
intake as well as that of protein must affect them. There was no apparent pro- 
tein deficiency in the group here studied since there were only four individuals 
with less than 6.0 Gm. of plasma protein per 100 ¢.c.° 

Dietary intake of iron may be assumed to be the most important factor 
affecting hemoglobin levels. During the five and one-half years of the survey, 
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data on iron intake in the four counties were assembled and are summarized 
in Table Il. In every instance the iron intake fell below the reeommended 
allowance, being approximately one-half the amount in one group. Whether 
this influenced hemoglobin levels is difficult to determine from the data on hand. 
A discussion of iron intake with respect to hemoglobin level may be found in 
previous reports. 

The chiet sources of dietary iron in the most recently surveyed group 
(Orange County) were calculated, and the results for persons 15 years of age 
and over were as follows'’: 


PER CENT OF TOTAL IRON 

FOOD MEN WOMEN 
Dried beans 24.4 24.7 
Enriched bread ' 11.5 8.4 
Eggs 10.1 8.8 
Lean pork 6.5 6.8 
Milk 4.9 3.4 
Dried peas 4.1 af 
Whole cereal 3.8 6.4 


65.3 62.2 


It might be assumed that the fondness of southern people for greens such as 
turnip tops, mustard greens, and collards, would make these the chief sources 
of iron. Actually the bulk of iron consumed is contributed by foods which are 
poorer individual sources but are eaten in larger quantities. Beans were the out- 
standing source tor all groups, contributing about a fourth of the total iron in- 


take. For children, whole cereals were the second source with eggs or milk third. 


SUMMARY 

This paper presents distributions of hemoglobin levels as determined by the 
Evelyn photoelectric colorimeter in 2,168 white persons and 861 colored persons 
in four North Carolina counties. Members of the families examined were living 
at home and apparently in normal health. The examined population was di- 
vided into eight subgroups according to race, sex, and age. The mean granis 
per cent of hemoglobin ranged between 12 and 14. Means for colored persons 


were from 144 to 1 Gm. below those for corresponding groups of white persons. 


Means for women of both races were about 1.5 Gm. below those for men. Dit- 
ferences between means for boys and girls were not great for either race. In 
general, observed values were well described by normal frequency curves, but 
among women of each race there was a group comprising from 5 to 10 per cent 
of the total with hemoglobin values lying definitely below and outside the range 
of the curve fitted to the main group of observations. Caleulated dietary iron 
intakes for the population under observation was somewhat below that usually 
recommended as a minimum requirement. 

. 
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HEMATOLOGIC SURVEY OF REPATRIATED AMERICAN 
MILITARY PERSONNEL 


LIEUTENANT GEORGE E. Cartwriagut, MEpIcAL Corps, ARMY OF THE UNITED 
STATES, AND MAXWELL M. Wintrose, M.D.,* Saur LAKE Crry, Uran 
INTRODUCTION 

HIS report deseribes a hematologic survey undertaken to determine the inci 

dence, severity, and type of anemia, as well as the status of the leucocytes 
and platelets. in repatriated American military personnel from the Far East 
It was a part of a general survey carried out at Crissy Annex, Letterman Gen 
eral Hospital, San Francisco, by the Board of Medical Survey of Repatriated 
American Military Personnel. 

A hemoglobin determination (Haden-Hausser) was made on eaeh indi 
vidual during a general medical examination. On the basis of these determina 
tions, the following day a small group of anemic individuals was selected for a 
more detailed hematologic study. It is this group of seventy-five individuals 
which is the subject of a more detailed report in this paper. 

The hematologic methods used in the study of the seventy-five selected sub 
jects were those deseribed by Wintrobe.' | Blood was collected in oxalate bottles 
containing a 2:3 mixture of potassium and ammonium oxalate. Dupleate red 
counts were done on each sample of blood. If the two counts did not check 
within twenty-five cells they were repeated. Hemoglobin determinations were 
made with a Sahli hemoglobinometer. The hematocrit tubes were spun at 
3,000 r.p.m. for thirty minutes in a large International tvpe centrifuge.  Suel 
a procedure was found to insure maximal packing under the conditions of this 
study. Using these methods normal indices were obtained on blood from nor 
mal individuals. In experiments using heparin as an anticoagulant, no signifi 
cant difference in these values was observed. Most of the determinations ii 
these seventy-five subjects were done by one of us (G@. E.C.) personally. A few 
were done by a trained experienced technician under supervision. Serum iren 
determinations were made using the methods of Kitzes, Elvehjem, and Schuette 
Using this method we have found the range for serum iron in healthy young 
men to be from 90 to 150 micrograms per 100 ¢.¢.° This is a somewhat nar- 
rower range than that reported by several investigatorst and is probably ex- 
plained by the fact that our group was restricted to young men. The method 
of Cartwright, Jones. and Wintrobe® was employed for the determination of 
serum copper. We have found the range for serum copper in healthy young 
men to be from 90 to 140 micrograms per 100 ¢.c.* 
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CLINICAL HISTORIES 


The subjects of this study had been prisoners of the Japanese for periods 
of from thirty-nine to forty-six months with one exception. This individual had 
heen imprisoned for only nine months. The average duration of imprisonment 
for the group was 40.1 months. With two exceptions all had been imprisoned 
in both the Philippines and in Japan. 

All individuals gave a history of weight loss varying between 5 and 90 
pounds. The average weight loss from the time of capture to the time of re- 
lease was 37 pounds. This figure, however, does not give a true picture of 
the degree of weight loss, since many men were below their normal weight at 
the time of capture and since, due to the dropping of supplies from the air 
prior to release, many men had gained weight by the time of their actual release. 

A history of malaria was obtained in 76 per cent of the group. The num- 
ber of attacks varied from one to sixty. The average number of attacks per 
individual affected was ten. Most of these occurred in the early period of the 
war while the subjects were in the Philippines. During the imprisonment in 
Japan, in most cases, the malaria subsided spontaneously. None of our sub- 
jects had had active malaria within four months prior to this study. 

The incidence of certain prominent signs and symptoms of nutritional 
deficieney as obtained by history is indicated in Table I. Pellagra as evidenced 
hy cheilosis, glossitis, stomatitis, dermatitis, and diarrhea had been present in 
some 50 to 70 per cent. Several features of this pellagra need comment. The in- 
cidence was much greater in the Philippines. Only rarely, if at all, did this 
symptom complex develop in Japan while the men were sporadically receiving 
sovbeans. The incidence of typical pellagrous dermatitis over the exposed 
parts was relatively infrequent. This was the case in spite of the fact that the 
men were constantly exposed to considerable sunlight. 

TABLE I. INCIDENCE OF CERTAIN SIGNS AND SYMPTOMS AS OBTAINED FROM 


HISTORY IN SEVENTY-FIVE REPATRIATED AMERICAN MILITARY PERSONNEL 
FrRoM Far EAST 

















SYMPTOMS AND SIGNS NUMBER OF CASES PER CENT 
Cheilosis 54 72 
Glossitis 51 68 
Stomatitis 59 65 
Scrotal lesions 30 1) 
Pellagrous dermatitis 19 25 
Diarrhea 39 52 
Edema 5S 77 
Burning of the feet 35 16 
Hyperesthesia of the feet a7 50 
Paresthesia of the feet 38 51 
Bleeding gums 11 15 
Petechiae ] 1 
Eechymosis 2 3 
Night blindness 5 ‘4 
Photophobia 9 12 
Diminution of vision 13 17 
Burning of eyes 12 16 
Excessive lacrimation 9 12 
Weight loss 75 100 
Weakness 75 100 
sassitude 75 100 
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The occurrence of a scaly, sometimes an erythematous weeping scrotal, 
dermatitis accompanied by extreme tenderness of the scrotum, and in’ some 
cases associated with edema, was relatively common, In some cases. scrotal 
tenderness without dermatitis occurred. About 55 per cent of the individuals 
with a history of glossitis and stomatitis gave a history of scrotal dermatitis 
In only one subject did scrotal dermatitis occur in the absence of glossitis and 
stomatitis. In three cases glossitis and stomatitis developed in the absence 01 
cheilosis. Most generally when glossitis occurred stomatitis also was present 
Severe and persistent diarrhea accompanying glossitis and stomatitis was not 
as frequent as expected. Many, in fact most of the individuals, had short 
bouts of diarrhea lasting only a few days. In Table | only persistent diarrhea 
is recorded. No cases of diarrhea resembling sprue were found. 

One individual with a severe @lossitis gave a history of having received an 
injection of niacin. Within three hours the burnine of the tongue ceased 
Another individual with severe diarrhea and dermatitis stated that these svmp 
toms disappeared within two weeks following miacin therapy. 

Beriberi was exceedingly prevalent in the group and occurred in both 
Japan and in the Philippines. A history of wet beriberi was obtained in 77 per 
cent and a history of dry beriberi in about 50 per cent. Many individuals had 
had both the wet and the dry types of beriberi, but the most striking feature 
was that in no individual questioned was a history of both types occurring 
simultaneously obtained. Often when wet beriberi disappeared symptoms of 
dry beriberi developed. In other cases, dry beriberi preceded the wet type. 
Diarrhea Was seldom present or severe during’ the wet phase ot beribert. Mas- 
sive spontaneous diuresis often took place. 

The clinical svmptomatology of the dry beriberi was striking. Burning. 
hvperesthesias, and paresthesias were exceedingly severe. In some camps 
hundreds of men would walk the floor during the night because of severe pain 
Feet were often soaked in ice water, cooled in the snow, or left exposed during 
eold nights in attempts to alleviate the pain. The feet were so tender that 
even the lightest touch provoked severe pain. On one occasion a handker- 
chief was accidentally dropped on the foot of a sleeping soldier. He imme- 
diately awoke and cried out in agony. Often just the vibration caused by the 
passing of an individual within several feet of a soldier with dry beriberi was 
sufficient to aggravate the pain. 

Symptoms suggestive of seurvy were surprisingly infrequent. Fifteen 
per cent of the subjects gave a history of bleeding gums. In none of these was 
the bleeding severe. Petechiae were found in only one subjeet. On examina- 
tion this individual was found to have a thrombocytopenia. A — history of 
eechymosis was obtained from only one person in addition to the individual 
with thrombocytopenic purpura. 

Following the intake of a high caloric diet when they were first liberated, 
in manyv individuals o@]Ossitis. stomatitis. and edema reappeared or became 


more pronounced. 
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A history of blood loss was not a prominent feature in these individuals. 
Six gave a history of bleeding hemorrhoids. In one of these the bleeding was 
extremely severe. The one individual with thrombocytopenic purpura gave 
a history of melena. Eleven individuals gave a history of bleeding gums. In 


each of these the amount of blood lost was extremely small. 


DIET 


The diet consisted for the most part of rice (white, brown, or red) and 
‘vreen’’ soup. The rice was sometimes polished, other times not and was 
issued in amounts varying from 300 to 700 Gm. per man per day. If a prisoner 
was not working, or was sick or hospitalized, he was given only 300 to 500 
Gm. per day. If working he was given from 500 to 700 grams. In most 
cases the rice contained rat feces, pebbles, and worms. The most distracting of 
the three contaminants were the pebbles. Many times whole barley, corn, or 
soybeans were mixed with the rice. The ‘‘green’’ soup consisted mainly of 
water to which small amounts of the tops of green vegetables, grass, or green 
leaves were added. The amount of soybeans available varied from time to 
time and from camp to camp. To many individuals the sovbeans were un- 
palatable and even under the severest conditions of starvation were refused 
because of the nausea, vomiting, and diarrhea which resulted from their inges- 
tion. It may be significant, however, that when sovbeans were consumed pel- 
lagra was not prevalent. The only meat received consisted of a small piece, 
about 50 to 100 Gm., once or at the most twice a month. During the earlier 
phases of the war a larger and sometimes more frequent portion was served. 
During the latter part of the war, in many camps at least, no meat was served. 
Fish of poor quality was issued one or two times a month at the most. The 
portions were always small. The only vegetables received were dicon, a Japa- 
nese vegetable resembling a combination between a radish and a turnip, ear- 
rots, squash, and potatoes. These were served very infrequently. Fresh fruit 
was not seen. Men resorted to eating snakes, rats, cats, dogs, lizards, frogs, 
grasshoppers, and snails when these were available, which was infrequent. 
When animals such as cats and dogs were obtained, not only muscle, but also 
organs, intestines, eves, brain, and other portions were eaten. Grasshoppers, 
if they could be obtained, were boiled to make a soup. For variation they 
were sometimes roasted. In many cases men received no food for a period 
of weeks, sometimes only several meals a week, but generally they ate two or 
three times a day. In all eases the diet was grossly inadequate both in qual- 
ity and quantity. Food was obtained from outside sourees when possible; this 
opportunity was rare. Men fought over wormy apple cores discovered by the 
roadside. Red Cross packages were rarely distributed. 


PRIOR TREATMENT 


The seventy-five subjects had been on a wholesome American diet for 
from four to ten weeks prior to this study. All had received vitamin supple- 
ments either orally or parenterally. Many had received plasma transfusions, 
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and three had been given whole blood transfusions. Sixteen of our subjects 

had received from one to twenty liver injections. Ten gave a history of hay 
. e CP . 

ing been treated with iron. 


PHYSICAL CONDITION AT THE TIME OF THE SURVEY 


At the time of examination all of the men had been released for from tw: 
to eight weeks and had been on an adequate diet of from four to ten weeks 
The average weight gain for the group since release was 38 pounds. In gen 
eral, the individuals appeared to be in good condition. About 80 per cent had 
regained their normal weight. Two characteristic features were present, how 
ever; they were a protuberant abdomen and an abnormal distribution of fat 
This was present principally over the pelvic girdle and abdomen and was 
conspicuously absent from the extremities. Twelve individuals still had deti 
nite peripheral edema. In thirteen the liver was palpable. Two had a mild 
glossitis, two an indefinite cheilosis, one follicular hyperkeratosis. one pellagrous 
dermatitis, and two had residual evidence of optic neuritis. A few individuals 
had residual evidence of peripheral polyneuritis. One individual had roent 
genologic evidence of active pulmonary tubereulosis. This was the only indi 
vidual in whom an active infection of any nature other than intestinal was 
demonstrated. 

The stools in fifty-seven subjects were examined for parasites. The re- 
sults were as follows: negative, 25: Ascaris lumbricoides, 47: Necator ameri 
canus, 32; Endolimar nana, 14: Endamoeba coli, 14; Endamocha histolytica. 
5; Strongyloides stercoralis, 5; Trichuris trichiura, 2; other, 5. In many in 
stances multiple intestinal infestation was present. 

In no subject in this group were malarial parasites found in the blood 
At the time of the examination all individuals were free of clinical symptoms 
of malaria, and none gave a recent history of malaria. 


HEMATOLOGIC DATA 


Incidence of Anemia.—Hemoglobin values below 14 Gm. per cent were 
found in 52 per cent of the first 1,500 patients seen (Fig. 1). Hemoglobin 
values less than 14 Gm. per cent were found in 62 per cent of 193 examinees 
seen during the first week of the survey. In each successive week there was 4 
tendency for the incidence of anemia to diminish (Fig. 2). By the sixth week 
the incidence had diministed to 35 per cent. 

Severity of the Anemra.—The anemia was either mild (from 11 to 14 Gin. 
per cent hemoglobin) or moderate in severity (from 8 to 11 Gm. per cent 
hemoglobin) (Fig. 1). Only one ease of severe anemia was observed. In 
Fig. 3 the severity of anemia as demonstrated by hematocrit determinations is 
presented. The values fell between 27 and 42 ¢.c. per 100 ¢.e. In the majority 
of cases the volume of packed red cells fell between 34 and 40. 

Classification of the Anemia.—In 73 per cent of the seventy-five cases studied 
the mean corpuscular volume was greater than 92 eubie microns, indicating 4 
macroeytie anemia (Table IT). In most cases the macroevtosis was mild (from 
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Fig. 1—Hemoglobin values in the first 1,500 individuals observed. 
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*. 2.—The incidence of anemia during each successive week of the survey (3,000 cases}. 
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94 to 104 cubic microns). In twenty cases the mean corpuscular volume was 
ereater than 104 cubic microns, the greatest being 125 cubic microns (Fig. 4). 
The mean corpuscular hemoglobin for this group was either in the upper 
range of normal or slightly inereased (from 33 to 38 micromicrograms). — In 
two-thirds of the patients studied the mean corpuscular hemoglobin concen- 
tration (Fig. 5) fell within the normal range (from 32 to 36 per cent). In 
the remaining third values were reduced to between 26 and 32 per cent. In 
the eight patients in whom the mean corpuscular hemoglobin concentration 
was below 30 per cent, three gave a history of bleeding hemorrhoids, and 


hookworm infestation was present in two. 
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Fig. 3.—The severity of the anemia as measured by hematocrit determinations in the seventy- 
five subjects studied in detail. 


One of the men with a mild macrocytic anemia (mean corpuscular volume, 
103; volume of packed red blood cells, 30.6) presented an extensive purpura. 
The platelet count was reduced to 25,000, the bleeding time was markedly 
prolonged, and the reticulocytes were increased. He gave a history of blood 
loss. 

In seventeen cases (23 per cent) the anemia was normocytic. Three cases 
of microcytic anemia (4 per cent) were found. There was a history of defi- 
nite blood loss in two of these. In the third no history of blood Joss was 
elicited, but the stools were infested with hookworms. In all three cases both 
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The distribution of the mean corpuscular volumes in the seventy-five subjects. 
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5.—The distribution of the mean corpuscular hemoglobin concentrations in the seventy- 
five subjects. 
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the microcytosis and the hypochromia were mild. The anemia in all three 
instances was only mild or moderate im severity. One of these men had pre 
viously received iron. 

Description of the Blood Films.—In the macrocytie group the cells ap 
peared large and well filled with hemoglobin. A mild hypochromia was ob 
served in a few cases only. Macrocytes were common, in some films numerous. 
Accompanying the macrocytosis was slight anisoevtosis and moderate poly 
chromatophilia. In a few cases the polychromatophilia was extremely marked 
Nucleated red cells were occasionally seen, especially in’ the earlier cases 
studied and in those with marked macroeytosis. Stippling was seen in only 
one film 


TABLE IT. CLASSIFICATION OF ANEMIA ACCORDING TO MEAN CORPUSCULAR VOLUME 


rYPE OF ANEMIA NUMBER OF CASES PEK CENT 


Macrocvtic 
Normocytic 
M icroeyvt ic 
Total 


In the normoeytic group the foregoing changes were seen but were less 
frequent. Numerous macrocytes were observed in three films, and an ocea 
sional macrocyte was found in three additional cases. In these instances 
anisocytosis and occasionally poikilocytosis were present. Three of the sub 
jects presented polychromatophilia. Hypochromia was noted in three films. 

Reticulocytes.—Reticulocyte counts were done in twenty of the subjects 
In ten of these the percentage of reticulocytes was between 0.4 and 2.0. In 
the remaining ten the reticulocyte count was between 2.0 and 6.0 per cent. 
In only three of these subjects was the percentage 4.0 or above. 

Icterus Index—The icterus index was within the normal range in al 
except one case. This exception was the man with thrombocytopenic purpura 

Leucocytes.- ~White blood cell counts were done on fifty-three of the sub 
jects. In nineteen the white cell count was between 5 and 10 thousand; in 
thirty-one the count ranged between 10 and 20 thousand (Fig. 6). In three 
individuals a leucocytosis greater than 20,000 was noted. In each of these 
marked eosinophilia was present. No instances of leucopenia were observed. 

Differential counts were not remarkable except for frequent and marked 
eosinophilia (Fig. 7) and an occasional mild increase in the lymphoeytes 
monocytes at the expense of the neutrophiles. Neutropenia was not observ: 
Abnormal or young white cells were not seen. Multinucleated neutrophil 
were found in only two films. 

Serum Tron.—Serum iron determinations were made on thirty-eight ind: 
viduals. In seventeen of these (45 per cent) the value fell within the norn 
range (from 90 to 150 micrograms per cent) as determined by us in norn 
healthy young men. In twenty-one (55 per cent) the serum iron fell below 


the normal range. In seven cases the hypoferremia was extremely severe 
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Fig. 6.—The distribution of the white cell counts in the seventy-five subjects. 
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Fig. 7.—The degree of eosinophilia in the seventy-five subjects. 
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TABLE II]. SUMMARY OF SERUM IRON AND COPPER DETERMINATIONS 


CONDITION NUMBER OF CASES PER CENT 
Normal serum iron 17 15 
Hypoferremia 21 ays) 
Hyperferremia 0 () 
Normal serum coppet 19 50 
Hypocupremia 0) 0 
Hypercupremia 19 50 


(below 50 micrograms per cent). The lowest value obtained was 16 > micro- 
grams per cent. The results are summarized in Table III. No case of hyper- 
ferremia was found. 

Serum iron determinations done on five subjects with a mean corpuscular 
hemoglobin concentration of less than 30 per cent revealed a marked hypo 
ferremia in each case. 

Serum Copper.—Serum copper determinations weere made on thirty 
eight individuals. In nineteen of these (50 per cent) the values fell within 
the normal range (92 to 140 micrograms per cent). In the others the values 
were elevated. The highest value obtained was 215 micrograms per cent. The 


results are summarized in Table III. No case of hypocupremia was found. 


DISCUSSION 


Although the anemias seen were usually mild or moderate in degree, there 
is reason to believe that more severe anemia had been present at one time 
During each succeeding week of the survey the incidence of anemia dimin 
ished, indicating progressive recovery. <All of the men had received a whole 
some diet fortified with vitamins for a period of from four to ten weeks prior 
to this study. Verbal reports from medical officers who examined the soldiers 
immediately following liberation indicate that in most cases the hemoglobin 
was below 50 per cent of normal at that time. It must be kept in mind that 
many individuals did not survive and that the most severely ill ones were not 
evacuated and consequently were not included in this study. 

Most of the individuals were able to give a very concise and definite his 
tory. In most cases the history was probably quite reliable. These men had 
had a very intimate and extensive experience with the various signs and 
svmptoms of nutritional deficiency. 

Normal serum iron and copper values were found in about half of the indi 
viduals studied. Hypoferremia and hypereupremia were found in the other 
half. Hypoferremia is usually a manifestation of iron deficiency or infection. 
In general, there is a reciprocal relationship between iron and copper in the 
serum; that is, when the serum iron is low, the serum copper is elevated. 
This relationship has held in these studies. However, in experimental iron 
plus copper deficiency in animals, there is a depression of both the serum 


iron and the serum copper values. Thus in the present study no evidence of 


copper deficiency was found. Such a condition (hypocupremia) has never 
been demonstrated in human beings. 
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The hy poferremia accompanied by hypercupremia, together with the find 
ing of a slight hypochromia in one-third of the subjects, is suggestive of a 
mild iron deficiency. It is to be noted, however, that similar changes in the 
iron and copper content of the serum are found in cases of anemia due to 
infection.” There was no correlation between the degree of hypoferremia or 
hypercupremia and the degree of anemia. 

This study sheds no light on the etiology of the anemia. Under the exist- 
ing conditions it was not possible to study its pathogenesis. The response to 
specific factors could not be tested. Therefore, no conclusions can be drawn, 
and a discussion of the etiology must be speculative. Certain general state- 


ments can be made, however. The possible etiologic factors were blood loss, 


malaria, infections, parasitic infestation, and nutritional deficiency, 


It is unlikely that blood loss was a factor in most of the cases. A history 
of blood loss was obtained in only seven patients. In six of these the blood 
loss was due to hemorrhoids and was extremely mild. Only one of these men 
vavea history of recent blood Oss. Furthermore, in a ereat majority of cases, 
the anemia was macroevtic or normoeyvtie. In the three cases of microeytic 
anemia it is likely that the anemia was due to blood Joss in addition to an 
inadequate intake of iron. 

Although 76 per cent of the group studied gave a history of malaria, in 
none was the infection recent. Malaria parasites were not found in the blood 
of any of our subjects. Splenomegaly was not found in any of the men, nor 
was the icterus index elevated. Thus, it is very unlikely that the anemia was 
due to malaria. 

Infections, local or systemic, were not demonstrated in any of the indi- 
viduals studied, excepting the one with pulmonary tuberculosis. At the time 
seen all individuals were afebrile and ambulatory. Although a few gave a 
history of pneumonia, none had had pneumonia recently. No adequate ex- 
planation for the leucoeyvtosis is available. Whether the parasitic infestation 
was the cause cannot be stated. There was no correlation between the degree 
of lencoevtosis and the degree of anemia. In general, there was no correla- 
tion between the degree of eosinophilia and the degree of leucoeytosis, although 
in three individuals with a leucoevtosis greater than 20,000 a marked eosino 
philia was present (52. 55, and 21 per cent. respectively 

Intestinal parasites were demonstrated in about 75 per cent of the indi- 
viduals studied. What part parasitic infestation plaved in the production of 


the anemia cannot be stated. In 2d per cent of the anemic individuals no 


parasites were demonstrated.  Hookworm infestation was present in 52> per 
cent. If this parasite was the cause of the anemia, other factors probably 
were also concerned, since in most cases the anemia was macrocytic.  Hook- 
worm anemia is generally hypochromic and microeytic in type. As stated 
previously, there was no correlation between the degree of eosinophilia and 
the degree of anemia. 

Since all but one patient had received an exceedingly inadequate diet 
for from thirty-nine to forty-six months and many at one time presented evi 
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dence of beriberi and pellagra, it is very possible, even likely, that a deficienc) 


of dietary factors essential for erythropoiesis existed. In some cases (about 


50 per cent) this was probably complicated by malabsorption as a result of 
diarrhea. Since most of the individuals presented a macrocytie anemia, the 
anemia resembles the so-called nutritional macrocytie anemia so frequent] 
encountered in the Orient in people who are known to subsist on a diet similar 
to the one on which the American prisoners of war had been placed.°'* One 
difference is apparent. Leuecopenia has been frequently observed in’ nutri- 
tional macrocytic anemia. This was not observed in the individuals in this 
study. Serum iron has been reported to be normal or low in nutritional 
macrocytie anemia, as many cases are complicated by a mild dietary deficiency 
of iron.’® It has been demonstrated that nutritional macrocytie anemia re 
sponds to a factor, or factors. present in marmite, an autolyzed veast prep- 
aration, and campolon, a crude liver extract.*°’ Whether or not a response 
to purified liver extract (anahemin) is obtainable is in dispute.'’ Wills and 
Evans® in a series of studies coneluded that the active substance is sepa- 
rate and distinct from the extrinsic factor of Castle. Moore and his co-work 
ers'® have found that the nutritional macroeytic anemia oceurring in nutri- 
tionally deficient individuals in this country responds to substances contain 


ing Castle’s extrinsic factor. 


SUMMARY AND CONCLUSIONS 


A hematologic survey was made on seventy-five repatriated American 
prisoners of war selected from a series of 3,000. These individuals had been 
on a grossly inadequate diet consisting mainly of rice for an average of 40.1 
months. The average weight loss per individual was 37 pounds. A _ history 
of nutritional deficiency as characterized by cheilosis, glossitis, stomatitis. 
dermatitis, and diarrhea was obtained in from 50 to 70 per cent. A histor) 
suggesting wet beriberi was obtained in 77 per cent and a history of dry 
beriberi in about 50 per cent. 

Anemia was observed in 52 per cent of the first 1,500 men examined. The 
incidence of anemia diminished appreciably as successive groups were stud 
ied. Six weeks after the study was commenced, anemia was found in onl) 
35 per cent. In most cases the anemia was only mild or moderate in degree 

Among the seventy-five anemie individuals studied in detail, the anemia 
was macrocytic in 73 per cent, normocytie in 23 per cent, and microcytic in 
4 per cent. Thrombocytopenia was present in one patient. In this individual 
there was a mild elevation of the icterus index. In the remaining cases the 
icterus index was normal. <A mild reticulocytosis and a leucocytosis (some 
times marked) were frequently encountered. Differential counts were not 
remarkable, except for the frequent occurrence of an eosinophilia and a 
occasional increase in lymphocytes or monocytes. Blood films showed numer 
ous macrocytes, anisocytosis, polychromatophilia, and an occasional nucleated 
red blood cell. In approximately half of the individuals studied norma 
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serum iron and copper values were found. The other half were characterized 
by hypoferremia and hyperecupremia. 

The etiologic factors concerned in the production of these anemias were 
not studied. It is suggested. however, that most of the men examined prob- 


ably presented the recovery phase of severe nutritional macrocytic anemia. 


The role played by intestinal parasitic infestations in the etiology of the 
anemia could not be determined. Malaria, blood loss, and infections were 
probably not important contributing factors in most of the cases. Tron de- 
ficiency may have been a contributing factor in a few. The three cases of 


microeytic anemia were most likely due to blood loss. 
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ABSORPTION AND EXCRETION OF SULFATHIADIAZOLE AND 
SULFAMETHYLTHIADIAZOLE AFTER ORAL ADMINISTRATION 
IN HUMAN BEINGS 


Manson Meraps, M.D... AND MAXWELL FINLAND, M.D. 
Boston, MAss. 


HERE is still some interest in the development of nontoxic chemotherapeutic 

agents which are effective in the treatment of intestinal and urinary tract 
infections. White and co-workers! have recently reported a study of the anti 
bacterial activity of some sulfaearboxythiazoles and of sulfathiadiazole against 
the dysentery group of organisms. The results which they obtained with two 
of these compounds, sulfacarboxythiazole (2-sulfanilamido-5-earboxythiazole ) 
and sulfathiadiazole (2-sulfanilamido-1,3,4-thiadiazole), were of interest and 
seemed to warrant further study. 

Sulfacarboxythiazole was found to be about as active as sulfaguanidine 
against twelve dysentery strains in vitro and against coliform organisms in 
mice. It is highly soluble at the acid pH’s which may be expected in the 
intestinal tract, is very poorly absorbed, and presumably owes its activity to 
release of sulfathiazole. It is similar, in these respects, to phthalylsulfathiazole 
(sulfathalidine). In a limited study of sulfacarboxythiazole in human beings,” 
it was found to be very poorly absorbed after oral administration, produced no 
toxic symptoms, and appeared to be effective in a few cases ot dysentery. 
This compound was also studied by Poth and Ross* who found it and some 
related compounds to be of relatively low toxicity and high aetivity in the 
intestinal tract of the dog. 

The synthesis and physical properties of sulfathiadiazole have been reported 
from two separate laboratories.*;° Its activity in vitro was found to be similar 
to that of sulfanilamide,® © and in mice it was active against pneumococeal but 
not against streptococcal infections. Frisk® also studied the pharmacology and 
biologic activity of the 5-methyl and 5-ethyl derivatives of sulfathiadiazole and 
found them to be rapidly and almost completely absorbed, nontoxie in thera 
peutie doses, highly soluble, rapidly and completely excreted in the urine, mini 
mally acetylated, and biologically about as active as sulfathiazole against pneu 
mococcus types 1 and 3 and Escherichia coli in vitro and against type 1 pneu- 
mococcal infection in mice. Frisk’s monograph did not inelude studies on the 
absorption and excretion or on the in vivo activity of sulfathiadiazole, presumably 
hecause of the relatively low activity which he found in vitro. 

From the comparative studies of White and co-workers,’ however, sulfa 
thiadiazole appeared to possess interesting possibilities for use against dysentery. 
As compared with sulfaguanidine it was ten times as soluble at pH 6.5, from 


four to eight times as active against several dysentery strains in vitro, and more 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Har\ 
ard), Boston City Hospital, and the Department of Medicine, Harvard Medical School, 


Received for publication, June 10, 1946. 


900 





SULFATHIADIAZOLE AND SULFAMETHYLTHIADIAZOLE IN; HUMAN BEINGS 901 


active against coliform bacteria in mice. This compound did not appear to owe 
its activity to a decomposition product as did sulfacarboxythiazole or sulfa- 
thalidine. In preliminary pharmacologic studies, Robinson’ found high con- 
centrations in the intestinal contents, moderately low concentrations in the blood, 
and relatively high, but due to its solubility probably safe, concentrations in the 
urine. Studies of the absorption and excretion of this compound after oral ad 
ministration in human beings, therefore, seemed warranted. Such studies are 
reported in this paper together with some comparative observations on the 
5-methyl derivative. 
MATERIALS AND METHODS 


The subjects were normal laboratory workers or convalescent men patients 
who had not received sulfonamide drugs recently and had no evidence of eardiae 
or renal insufficiency. They all weighed between 66 and 77 kilograms. The 
first part of the study was carried out on two subjects and was essentially a 
repetition with sulfathiadiazole of the observations previously reported with 
sulfacarboxythiazole.2 In the second part, a single 5 Gm. dose of sulfathia- 
diazole was given to each of five subjects, and the 5-methyl derivative* was 
given to three subjects. Except when otherwise noted, the daily fluid intake 
was about 2,500 to 3,000 ¢.¢., and no alkalies were given. All of the single doses 
were given at 9:00 a.m. <All of the urine was collected at two-hour intervals 
during the first twelve hours and at twelve-hour intervals during the next thirty- 
six hours. Bloods for levels were obtained at these times and also one-half and 
one hour after the dose, but the fecal excretion was not studied. The urines 
passed at odd intervals also were studied in several other subjects while re- 
ceiving repeated one Gm. doses after an initial four Gm. dose. 


RESULTS 

Excretion of Sulfathiadiazole After a Sinale 5 Gm. Oral Dose.—The free 
and total sulfathiadiazole content of the urines collected in twelve-hour periods 
and of each of the stools passed by two subjects are given in Table I. Subject 
G. B., who received no laxatives, excreted 75 per cent of the dose in the urine 
and 4.5 per cent in the stool. Subject B. S. was given a laxative (caseara 
sagrada) each morning and evening from the day before the study was begun 
until it was ended. A total of 60.1 per cent of the dose was recovered from the 
urine and 8.1 per cent from the feces of subject B.S. Of the total drug reeov- 
ered from the urines, 88 per cent was exereted in the first twelve hours by 
G. B. and 93 per cent by B.S. In both subjects.only a small pereentage of the 
urinary sulfathiadiazole and a somewhat greater proportion of the fecal drug 
were in a conjugated form. The significance of the latter is not entirely clear. 


The blood levels at one and one-half hours were about the same in both subjects. 
Some drug was still present in the blood of subject G. B. eight hours after the 
dose was given, but none was demonstrated at that time in the blood of 
subject B. S. 


*The sulfonamides used in these studies were furnished by the Lederle Laboratories, Inc., 
Pearl River, N. Y. The chemical determinations were carried out by Ellen J. Doyle. 
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MEADS AND FINLAND 


Exc retion of Sulfathiadiazolk After Repe ated Oral Doses. The same two 
subjects were later given repeated doses of sulfathiadiazole, and the amounts 
recovered from urine and feces were determined. In addition, blood levels were 
determined hourly for four hours after the initial 4 Gm. dose and twice there- 
after. The results are shown in Table II. In this instanee the total amounts 
of drug recovered in the urine and feces were quite comparable in the two sub- 
jects, most of it being found in the urine. More of the urinary sulfathiadiazole 
in subject B.S. and less of the feeal drug recovered in both subjects were in 
the conjugated form. The maximum blood level was obtained two hours after 
the initial 4 Gm. dose in G. B. and one hour after that dose in B. S., but in both 
subjects appreciably lower levels were found in the thirty-two and forty-nine 
hour bloods which were drawn four hours and one hour, respectively, after a 1 
(im. dose. 

The concentration of the drug in the different specimens varied depending, 
of course, on the volume of urine exereted. In Subject G. B. the concentrations 
ranged from 540 to 240 mg. per cent for the total and from 500 to 182 mg. 
per cent for the free drug during the time when it was being given. In subject 
B.S. the range was between 430 and 160 mg. per cent for the total and between 
410 and 100 me. 


cells were found in any of the specimens, but the subjects took fluids liberally 


per cent for the free drug. Neither crystals nor red blood 


(about 3 liters per day ) 


SULFATHIADIAZOLE IN INDIVIDUAL SPECIMENS OF URINE DURING ADMINISTRATION OF 
REPEATED ORAL DOSES 


TABLE III. 


DRUG IN DIFFERENT SPECIMENS | 
VOIDED URINE 


ESTIMATED 
FLUID 
INTAKE (C.C.| 


(MG. %) 


pH or | MAXIMUM MINIMUM 


PER CENT 
CONJUGATED 


AVERAGE 
10.8 
10.4 
16.5+ 
11.6 
1 I: 
18.53 
14.2 


each dose given on these days. 


| TOTAL | RANGE 
670 9to 12 
190) 4to 27 

95 4to 24 

10 Otol4 

190 4to 24 
310 13 to 22 

70 9to 2] 


FREE 
610 
170 
70 
10 
150 
240) 
64 


| PREE |TOTAL 
1,030 
G00) 
410 
$15 


| PER DAY) 
1,500 9.8 to 7.0 
2,000 5.4 t0 9.7 
3,000* 7.2 to 8.8 

.) to 7.0 
900 3.2 to 6.0 
2 500 5.2 to 6.5 


3.900 5.3 to 6.8 


URINE 
1.180 
910 
150 
480 
500 584 
390 450 


ono 929 
oUZ -—) 


5,000 6 


1 to4 
*Sodium bicarbonate, 6 Gm. followed by 2 Gm., 
yAverage for the four days was 11.6 per cent. 
tAverage for the three days was 13.3 per cent. 


with 


Three additional patients were given 4+ Gm. each of sulfathiadiazole followed 
by 1 Gm. every four hours, and all voided specimens were collected during the 
time when the drug was being administered. The pH of each specimen was 
tested, and the concentrations of free and total sulfathiadiazole were determined. 
The results are summarized in Table III in relation to the fluid intake. The 
expected effect of the fluid intake is clearly shown. Several specimens from 
Subjeet J.S. contained more than 1 per cent of drug. The sediments of 
all the voided specimens in these eases were examined and found to be free of 
red blood cells and drug erystals. 
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Rapidity of Absorption and Evrcretion of Sulfathiadiazole and Sulfameth- 
ylthiadiazole After a Single Oral Dose.—Since most of the drug which ap- 
peared in the urine after a single 5 Gm. oral dose of sulfathiadiazole was re- 
covered during the first twelve hours, it was of interest to determine in more 
detail when the maximum absorption and excretion occurred. For that purpose 
a single 5 Gm. dose was given to five subjects, and the total urine output was 
collected at two-hour intervals during the first twelve hours and at twelve-hour 
intervals for the next thirty-six hours. Blood levels were determined at these 
intervals and also at one-half and one hour. <A similar study was earried out 
with sulfamethylthiadiazole in three subjeets, two of whom were also used for 
the sulfathiadiazole study. The results are shown graphically in Figs. 1* and 2. 

For both drugs the rapidity of absorption varied considerably as indicated 
by the maximum blood levels and the time when they were attained. The maxi- 
mum coneentrations of total sulfathiadiazole in the blood varied from 4.0. to 
7.8 mg. per cent and the free drug varied from 3.6 to 6.7 me. per cent. The 
corresponding figures for sulfamethylthiadiazole were from 6.5 to 12.0 me. per 
cent total and from 6.2 to 10.8 me. per cent free. These maximums were at- 
tained in different subjects from one to four hours after the ingestion of either 
drug. 


TABLE IV. URINARY EXCRETION OF SULFATHIADIAZOLE AND SULFAMETHYLTHIADIAZOL} 
AFTER SINGLE 5 GM. DOSE 


PERCENTAGE OF TOTAL DRUG EXCRETED IN THE URINE RE¢ OVERED 
IN THE FIRST 





SUBJECT 2 HOURS | 1 HOURS — 6HouRS | 10 10URS 24 HOURS 
Sulfathiadiazole - : 
J. M. : 28 : Ss 100 
EK. ©. ‘ 45 93, 99 
R. L. y 39 7 ot) gg 


M. M. : 65 O7 Og 
g 


S3 96 100 
Sulfamethylthiadiazole 
E. O. 29 5: G() ag 
J. B. : 17 3 95 99 
M. M. 50 83 95 99 100 


B. S. 


The urinary excretions showed corresponding differences. The maximum 
excretion occurred in different subjects, either in the first, second, or third two- 
hour interval. The greatest variations in exeretion occurred in the first and 
second two-hour periods. Practically all of the urinary exeretion occurred in 
the first twenty-four hours, and very little was excreted after ten hours in most 
of the subjects and after six hours in some of them. This is shown in Table 
IV. The total amount of drug excreted by each of the subjeets and the propor- 
tion which was determined as being in the conjugated form are shown in Table 
V. From 60 to 100 per cent of the administered sulfathiadiazole (average, 83.4 
per cent) was recovered in the urine, while the sulfamethylthiadiazole was eom- 
pletely recovered in the urine in each of the three subjects. 

The maximum concentrations found in the urine in these subjects are shown, 
together with other relevant data in Table VI. The maximum concentration of 


*The findings in subject J. M. are omitted from.this figure because frequent blood levels 
were not determined, 
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Fig. 1.—Blood levels and urinary excretion of sulfathiadiazole in four 
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Fig. 2.—Blood levels and urinary excretion of sulfamethylthiadiazole in three subjects ¢ 


given a single dose of 5 Gm. by mouth. 
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TABLE V. ToTAL URINARY EXCRETION OF SULFATHIADIAZOLE AND SULFAMETHYLTHIADIAZOLE 
AFTER SINGLE ORAL 5 GM. DOSE 






































SS GM. IN URINE PER CENT OF DOSE! PER CENT 
SUBJECT FREE TOTAL EXCRETED CONJUGATED 
Sulfathiadiazole : 
Bs 8, 2.687 3.003 60.1 10.5 
B. S. Jekis 3.00 70.2 9.6 
G. 8. 00 749 75.0 11.0 
a. Mi. 4.142 4.541 90.8 8.8 
Rt. 3.955 +.700 94.0 15.8 
M. M. 4.392 4.702 94.0 6.6 
E. O. 4.515 4,987 99,7 9.5 
Average 3.743 4.170 83.4 10.2 
Sulfamethylthiadiazole 
J. Be 4,239 4.805 96.1 11.8 
M. M. 4.737 5.046 100.9 6.2 
E. O. 4.801 5.264 105.3 8.8 
Average 4,592 5,038 | 100.8 8.9 





TABLE VI. MAXIMUM CONCENTRATION OF SULFONAMIDES IN URINE AFTER SINGLE 5 GM. DOSE 

















| INTERVAL | | 
AFTER DOSE | VOLUME MG. PER 100 ac. | SEDIMENT 
SUBJECT | (HR. ) (C.C.) | PH | FREE TOTAL | CRYSTALS | R.B.C. 
Sulfathiadiazole 

s: BR 2 to4 385 ee 293 300 0 0 

5. 2 to 4 125 5.5 1,480 1,600 0 Few* 

R. 1. 2to4 65 5s 1,100 1,270 0) 0 

M. M. 2to4 180 6.0 1,320 1,380 0 Rare 

B. S 2 to 4 290) — 428 472 0 0 

Sulfamethylthiadiazole 

E. O. 4to6 90 5.8 1,260 1,360 Many 0 

J. B. 2to4 150 Bess t,220 1,360 0 0 

M. M. 0to2 175 6.0 1,360 1,440 Many Manyt 








*There were occasional red blood cells but no crystals in the sediment of later specimens 
collected up to eight hours. 


7Two hours after the dose this subject developed pain in the right loin radiating to the 
groin and accompanied by nausea. Crystalluria was also present in the two- to four-hour 
specimen, and microscopic hematuria persisted for four hours longer. The two- to 4-hour speci- 


men consisted of 150 c.c., pH 5.5, and contained 1,060 mg. per cent free and 1,100 mg. per cent 
total drug. 


sulfathiadiazole was found in the two- to four-hour specimen in each instance 
and varied from 300 to 1,600 mg. per cent. The concentration of the methy] 
compound reached from 1,360 to 1,440 mg. per cent in the three subjects, but 
these maximums were found at different intervals after the dose. Only a small 
percentage of the drug was found in the urine in the conjugated form. These 
specimens were all acid (pH 5.5 to 6.0). 

Distribution Between Plasma and Blood Cells——The distribution of sulfa- 
thiadiazole and sulfamethylthiadiazole between plasma and red blood cells was 
studied in two subjects at the time of the maximum blood level after a single 
oral dose. The results are shown in Table VII. The plasmas contained 2.5 and 
3.1 times as much free sulfathiadiazole and fifteen and twenty-four times as 
much free sulfamethylthiadiazole as the red blood corpuscles. All of the con- 
jugated drug was in the plasma, and none was found in the red blood cells. 

Untoward E ffects—One patient, subject J. B., developed fever (100° F.), 
cou junetivitis, and urticaria after forty-eight hours of treatment with sulfa- 
meihylthiadiazole given in the usual dosage, namely, 4 Gm. followed by 1 Gm. 


QOS MEADS AND FINLAND 


TABLE VII. DISTRIBUTION IN PLASMA AND RED BLOOD CELLS 
SULFATHTADIAZOLI SULFAMETUYLTHIADIAZOLE 

SUBJE« E. 0. M. M. gE. ©. M. M. 
Whole blood vr 

Free 6.6 t.0) 6.2 10.8 

Conjugate | 1.2 0.5 Oe 1.2 
Plasma (me ¢ 

Free oe D.S 10.4 17.0 

Conjugated 7 Si RS: Ry 2S 
Hlematoerit CC, 13 oa) 1°) i) 
Red blood cells (mg. % 

caleulated 

Free = 10 0.7 0.7 

Conjugated ) () 0 i) 


every four hours. He had received a single 5 Gm. dose four days previously) 
without untoward effect. Fever and symptoms subsided within a few hours 
after the last dose. The patient was subsequently given test doses of 2 Gm. of 
sulfathiazole and sulfadiazine and showed no untoward effects. The only other 
untoward effects observed are those noted in Table VI. It is of interest, how 
ever, that several other subjects had concentrations of more than 1 per cent of 
sulfathiadiazole in urine that was acid at the time and nevertheless showed no 
hematuria or crystalluria. There was no nausea noted except during the episode 
of renal colic in Subject M. M. The sulfamethylthiadiazole erystals recovered 





from the urine of subjects EK. O. and M. M. were probably in the free form as 
judged by the usual chemical determination. They appeared microscopically as 
large compact sheaths with irregular and jagged ends resembling broken-oft 
tree trunks. 


DISCUSSION 


The types of compounds which are considered to be useful in the treatment 
of enteric infections are those which are highly soluble at the acid pH of the ( 
intestinal contents and poorly absorbed, so that high concentrations are main 
tained in the bowel and very little gets into the blood and urine. If there is ( 
good absorption, the excreted drug must be highly soluble at the range of pH 
that may be expected in the urine. For the treatment of urinary tract infee- 
tions it is desirable to have compounds which are absorbed and exereted fairly 
rapidly with a minimum of acetylation and are highly soluble in the range of { 


pH of the urine. Both types of drugs must be active, of course, in their re 
spective media against the pathogenic organisms for which they are used. 


Sulfathiadiazole and sulfamethylthiadiazole were both found to be rapidly 
absorbed and exereted minimally conjugated in blood and urine after oral ad- 
ministration. All but a small percentage of the sulfathiadiazole and practically - 
all of the 5-methyl derivative were recovered from the urine, largely in the free 
form and mostly within the first few hours after they were ingested. Only 
from 4.5 to 8.1 per cent of the orally administered sulfathiadiazole were recov- 
ered from the feces. High concentrations, often over 1 per cent, were obtained | 
in the urine in the first few hours after a single 5 Gm. dose. In most instances 
these large amounts of drug remained in solution in the urine, even at pH as F 


low as 5.5. In two subjects, however, sulfamethylthiadiazole crystals appeared 
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in large numbers in the voided urine after a single 5 (im. dose, and this was 
accompanied by renal eolie and hematuria in one of them. A few red blood 
cells without erystals were also present in the urine in two subjects after a 
dose of sulfathiadiazole, but in every instance the urine contained very high 
concentrations of drug at the time. These complications occurred within a few 
hours after a 5 Gm, dose and were not seen during repeated administration of 
1 Gm. doses at four-hour intervals. 

In the preliminary studies of White and co-workers! sulfathiadiazole ap- 
peared to have therapeutic possibilities for the treatment of dysentery infections 
and seemed to be active against coliform organisms in mice. The present studies, 
however, suggest that, from the point of view of its absorption and excretion, 
this compound is not particularly suited for enterie infections unless the small 
amounts remaining in the bowel are very highly aetive. Such a possibility is 
suggested by the effectiveness of sulfathiazole and sulfadiazine in the treatment 
of dysentery in spite of the small amounts recoverable in the feces, and sulfa 
thiadiazole has the added advantage of greater solubility at the pHL of the 
intestinal eontents. On the other hand, the high solubility throughout the 
urinary pHf range and the effectiveness against coliform organisms suggest that 
sulfathiadiazole and its 5-methyl derivative may be useful in urinary tract in 
fections. Doses as large as 5 Gm. at a time, however, should be avoided, but 
doses of 1 Gm. each can probably be given safely every four hours. More ex- 
perience in the actual treatment of urinary tract infections is needed before the 


safety of these compounds and their effectiveness ean be determined. 


CONCLUSIONS 


Sulfathiadiazole given by mouth was rapidly and almost completely ab- 
sorbed, rapidly eliminated in the urine, and highly soluble in the urinary range 
of pH. About 90 per cent of the drug recovered from the urine was in the 
free form. Sulfamethylthiadiazole was more completely absorbed and rapidly 
eliminated in the urine, and it gave somewhat higher maximum blood levels. 
Microscopic hematuria and macroscopic crystalluria were observed in two of 
three subjects after a single oral dose of 5 Gm. of the methyl derivative. The 
findings suggest that sulfathiadiazole deserves a trial in the treatment of urinary 
traet infections but that large individual doses should be avoided. 
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THE QUANTITATIVE DETERMINATION OF THE THYMOL 
TURBIDITY REACTION OF SERUM 


ALLYN B. Ley, M.D., Jessica H. Lewis, M.D., anp 
CHARLES 8. Davipson, M.D., C.M. 
Boston, Mass. 


HE thymol turbidity reaction of serum as described by Maclagan'? has 

been studied, especially in liver disease, by several observers.” * Shank and 
Hoagland’ have adapted the reaction to the Coleman spectrophotometer, using 
barium sulfate suspensions as standards. 

The determination of Maclagan units of turbidity by the visual comparator 
block is not precise enough for the statistical analysis of the results. In this 
paper is reported a modification of the Maclagan method which appears to offe 
a more quantitative approach to the determination of thymol turbidity as a 
means of evaluating the presence of liver disease. 


METHODS 
The entire reaction with serum, as well as the formation of the standard 
barium sulfate suspensions, was carried out in Evelyn tubes. A 660 « filter was 
used in an Evelyn colorimeter. Galvanometer readings G were changed to I. 
values (2 — Log G). Distilled water was used for the 100 setting on the ecolor- 
imeter rather than the thymol buffer, as the latter tends to become turbid 


upon standing. Slight turbidity of the thymol buffer clears when it is added 


to the serum, but in general cloudy buffer should not be used. 

Standard Barium Sulfate Curve.—A barium sulfate suspension was pre 
pared as described by Shank and Hoagland,’ using 3 ¢.c. of 1 per cent barium 
chloride diluted to 100 ¢.¢. with 0.2 N sulfurie acid. Serial dilutions of the stand 
ard were made with 0.2 N sulfurie acid, and the resulting turbidity was meas 
ured in the Evelyn photoelectric colorimeter, Seven serial dilutions of the barium 
sulfate suspension were made, each one five times. The mean value for eac! 
dilution was obtained and a regression equation derived from the data. The 
equation is: Y = 20.81X — 0.0271, where Y = ¢.¢. BaSO, suspension, and 
X = L value (2 — Log G). The values obtained are shown in Table I. The 
curve drawn from these values is a straight line. The approximate Maclaga 
units corresponding to the dilutions of the BaSO, standard are given in Table | 

Procedure.—The reaction was earried out as follows: Into an Evelyn 
tube were placed, in succession, 0.1 ¢.c. of serum and 6.0 ¢.e. of thymol-barbitu 
‘ate buffer prepared according to Maclagan.?. The contents were well mixed ani 
kept at room temperature for thirty minutes; galyanometer readings were the! 
obtained using distilled water as the 100 setting. 
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TABLE I. RELATION BETWEEN VOLUME OF BARIUM SULFATE SUSPENSION, EVELYN 
READINGS, AND MACLAGAN UNITS 








Baso, 0.2 N EVELYN Lb ——s APPROXIMATE 
SUSPENSION H,S0, GALVANOMETER VALUE MACLAGAN 
(0.0:;) READING (2-LOG G) UNITS 


5.5 Q42 0.0246 
5.0 SY0 0.0505 
4.0 793 0.0982 
3.0 712 0.1457 
2.0 640 0.1936 
1.0 570 0.2441 
6.0 0.0 0.2903 





The galvanometer readings G were changed to lL values (2 — Log G@), and 
the corresponding cubic centimeters of barium sulfate suspension, obtained from 
the equation by ealeulation or from the curve, were taken as indicating the 
degree of equivalence of thymol turbidity. 


RESULTS 
Normal,—Serum was obtained from 105 apparently healthy young men 
without a history of gastrointestinal disturbance or jaundice within three 
months. The serum bilirubin concentrations® were normal in all. 
The thymol turbidity of these men varied from 0.16 ¢.c. to 2.19 cc. of 
barium sulfate (Table IIT). The mean was 0.63 ¢.c. with a standard deviation 
Nv 2 
; sd 
( S.D. = aE a 
three times the standard deviation is taken as the upper limit of normal varia- 
tion, this would give normal limits of thymol turbidity as equivalent to from 


Jor 0.35 cubie centimeter. If the the mean normal plus 


0 to 1.68 ¢.ec. of the barium sulfate suspension. In our normal group two sera 
had values above this. 

Cirrhosis of the Liver.—Sixty-three thymol turbidity determinations were 
made on twenty-three individuals with cirrhosis of the liver (Laénnec). Twelve 
of the cases were arbitrarily classified, without reference to the thymol turbidity, 
as mild and eleven as severe. The results are shown in Table II. Eighty-one 
per eent of the determinations in all cirrhosis were elevated above 1.68 ¢.¢., while 
in advanced cirrhosis 92 per cent were likewise above normal. 


TABLE II. THYMOL TURBIDITY REACTION OF NORMAL SERA CONTRASTED WITIL REACTION IN 
LAENNEG’S CIRRHOSIS AND ILLNESSES WITHOUT EVIDENCE OF LIVER DISEASE 





DISTRIBUTION IN PERCENTAGE 


| 


| LAENNEC’S CIRRHOSIS 








ILLNESSES | | | 
THY MOL | WITHOUT 
TURBIDITY EVIDENCE OF 
(C.Cc. Baso, ) | NORMAL | LIVER DISEASE | ALL MILD 
Number of 105 pari i 26 
leterminations 
<9 91 33 5 
“! to 1.68 7 5: 5 
58 to 2.0 2 "4 Ze 
2.0 to 3.0 0 ;| 14 3 at | 71) 
to 4.0 () 0 f o¢ 16 
to 5.0 if) 8 0 } 
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Liver Disease Other Than Laénnec’s Cirrhosis—In Table IIT are shown 
the thymol turbidities of sixteen patients with other forms of liver disease than 
Laénnec’s cirrhosis. The highest values were found in infectious hepatitis, but 
values above normal were also found in the sera from patients with hemolytic 
anemia with liver disease, carcinoma with liver metastases, and homologous 
serum jaundice. High values were also found in infectious mononucleosis, but 
this cannot be taken alone as evidence of the presence of liver disease in this 
condition. 

Tape TIT. THymon Tursipiry iN Liver DISEASE OTHER THAN LAENNEC’S CIRRHOSIS 
NUMBER OF THYMOL TURBIDITY 
DISEASE PATIENTS (C.C, BaSO, SUSPENSION 
Hemolytic anemia with liver disease 2 1.10, 2.30 
0.95 


1.05 


Biliary cirrhosis | 
l 
] 0.90, 1.00, 0.25 
| 
| 


Familial nonhemolytic icterus 
Hepatic vein obstruction 
Carcinoma with liver metastases 0.90, 2.00, 1.75, 2.65 
Infectious hepatitis 1.45 to 7.10 
Infectious mononucleosis 2 50, 4.60 
Homologous serum jaundice I 1.30 to 4.85 


Patients Without Evidence of Liver Disease —The thymol turbidity was 
measured on the sera of twenty-seven hospitalized patients with illnesses not 
associated with liver disease. The results are shown in Table IT where they 
may be compared with those obtained in Laénnee’s cirrhosis. Only 14 per cent 


had turbidity values of 1.68 ¢.¢. of barium sulfate or more. 


COM MENT 


The thymol turbidity deseribed by Maclagan’ has the advantage over most 


tests depending upon qualitative or quantitative changes in the serum proteins 


of being simple and rapid. In thirty-one normal individuals, Watson and 
associates* found values of from 1 to 4 Maclagan units and Shank and Hoagland 
of from 0. to 4.7. The range of values in cirrhosis of the liver and infectious 
hepatitis is quite wide, but many are within or near the normal range. Thus. 
it is often difficult to decide whether a value is abnormal or not. 

The modification of the method described herein makes it possible to deter 
mine more precisely the range of normal as well as the signifieance of abnormal 
values without the use of arbitrary units. Inspection of Table IT shows that 
only 2 per cent of normal individuals had values above 1.68 @.e. of barium 
sulfate ; however, 14 per cent of hospitalized patients without evidence of liver 
disease were above normal, and 30 per cent of the determinations in mild 
cirrhosis were within the normal range. Thus, a negative test is of no value in 
eliminating cirrhosis of the liver. However, a positive test equivalent to 4 ¢.c. 
of barium sulfate suspension or above is good evidence of liver disease, as none 
of the sera obtained in illnesses without liver disease were above this figure 

The cases of other forms of liver disease are too few for statistieal analysis 


However, Shank and Hoagland,’ in infectious hepatitis, found eighty-two of 
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elghty-three patients with increased thymol turbidity, and Cohn and Lidman,’ 
in fifteen soldiers with infectious mononucleosis, found a high incidence of 


positive reactions, as well as other evidence of liver disease. 
SUMMARY 


1. A modification of the Maeclagan thymol turbidity reaction of serum is 
described, using the Evelyn photoelectric colorimeter. 

2. For greater accuracy and convenience, the values for turbidity are ex- 
pressed as cubie centimeters of the barium sulfate suspension used as standard. 
The approximate Maclagan units determined visually are presented for com- 
parison. 

3. The thymol turbidity of 105 apparently healthy young men varied from 
0.16 to 2.19 ¢.e. of barium sulfate suspension. The upper limit of normal, us- 
ing three times the standard deviation, was 1.68 cubie centimeters. 

4. In cirrhosis of the liver, 81 per cent of the determinations were abnormal ; 
in severe cirrhosis, 92 per cent. In a series of illnesses without evidence of 
liver disease, 14 per cent were above normal but none above 3 ¢.c. of barium 


sulfate suspension ; whereas, 37 per cent of the determinations in cirrhosis were 


above this figure. 
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LABORATORY METHODS 


SEMIQUANTITATIVE ESTIMATION OF BILIRUBIN IN THE URINE 
BY MEANS OF THE BARIUM-STRIP MODIFICATION 
OF HARRISON’S TEST 


C. J. WATSON AND VioLEetT HAWKINSON 
MINNEAPOLIS, MINN. 


HE importance of detecting bilirubin in the urine has recently been 

emphasized with respect to the diagnosis of infeetious hepatitis, both in 
the preicteric stage of the disease and in those cases in which jaundice does 
not become manifest.'* The barium-strip modification of the Harrison test 
for bilirubin in the urine, as deseribed in a previous communication,” was 
sought and elaborated in order to provide a method which would be suitable 
for mass and serial usage, as in an epidemic of infectious jaundice, or in 
chemical industry where injury of the liver was a possible hazard. Further 
experience with this technique has confirmed our belief in its simplicity and 
the rapidity with which it may be executed, also its specificity and sensitivit) 
The only other method which might be compared with it, on the basis of thes 
attributes, is the methylene blue test, which, however, is not quite as sensitive 
nor as uniformly specific for bilirubin and in addition is more time consumine 

A deseription of the barium-strip modification of Harrison’s test is given 
in the following: 

Sheets of thick retentive filter paper* are thoroughly immersed in a satu 
rated aqueous solution of barium chloride, after which they are dried eithie 
in a drying oven or at room temperature. The sheets are then cut into strips 
3 or 4 inches by 1% inch in dimension. These strips may he prepared in anys 
desired number, as they keep indefinitely. 

To earry out the test, one of the barium-impregnated strips is simply 
inserted perpendicularly into the urine sample in question. It is held at tl 
same level for from five to ten seconds, and at least 14 inch of the lower end 
of the strip should be below the surface of the urine. During this period it 
is seen that the urine runs up the strip, but the pigments are adsorbed and 
collected just at the surface. The strip is removed and placed in the hori- 
zontal position on white absorbent paper such as ordinary filter paper or paper 
towel. At the point where the strip was at the surface of the urine, a yellow 


or brown line, or zone, is seen running transversely across the strip. This Is 
usually present, although faintly, even with most normal urines. The Fouc)ct 
reagent, as used in the Harrison test, is dropped from a dropping bott!« 


directly on this zone which was just at the surface of the urine. A gree 
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ESTIMATION OF BILIRUBIN IN THE URINE BY 
MEANS OF THE BARIUM-Strip: MoptricaTion 


OF HARRISON’S TEST 


BartUuM-Srriv: Mopirication Or TARRISON’S TES 
FOR BILIRUBIN IN THE URINE 


LO 20-50 6.0-10.0 
Milligrams per cent 








ESTIMATION OF BILIRUBIN IN) URINE 15 


color denotes the presence of bilirubin. If just a trace is present, one may 


see only a very faint green line, while with larger amounts, an intense dark 


vreen is observed to spread up and down the strip over a broad area. The 
ereen color alone is specifie for bilirubin. At times a purple or reddish color 
is seen, most likely due to dehydrogenation products of urobilinogen. 

The foregoing procedure has been rendered semiquantitative by the use 
of a color chart of five standard intensities of green color, as shown in Fig. 1. 
These colors were painted* from the barium-strip Harrison tests of as many 
concentrations of bilirubin, each dissolved in pooled normal urine. The sample 
harium-strip tests, as shown in the lower part of Fig. 1, were carried out on 
pathologie urines containing varying amounts of bilirubin. They simply illus- 
trate the means by which the comparisons with the standards are made. 

This simple, semiquantitative method facilitates observation of the degree 
of bilirubinuria, whether increasing or decreasing, and thus aids in establish- 
ing the trend of the disease. Furthermore, it offers a more nearly standard 
means of reporting the degree of bilirubinuria which hitherto has been largely 
a matter of the personal equation. 


SUMMARY 


A standard color chart is reproduced by means of whieh the barium-strip 


modification of the Harrison test for bilirubin in the urine has been made 


semiquantitative in character. 
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APPLICABILITY OF THE BIURET REACTION TO THE 
DETERMINATION OF SERUM ALBUMIN BY METHANOL 
PRECIPITATION 


Hlanvor N. CHRISTENSEN, PH.D. 
(‘OOPERSTOWN, N.Y. 


ILLEMER and Hutchinson! have shown that the precipitation of globulins 
Py aqueous methanol under controlled conditions yields results for serum 
albumin comparable to those obtained by electrophoretic measurement. The 
protein partition obtained with sodium sulfate according to Howe? is known 


‘ In this laboratory the method of 


to yield falsely high values for albumin.* 
Pillemer and Hutchinson has been found convenient and useful. Further sim- 
plification has been obtained through the observation that albumins can be de- 
termined in the filtrates by the biuret reaction essentially according to Kingsley, 
in spite of the presence of about 40 per cent methanol. This procedure avoids 
the difficulties inherent in the complete recovery of protein nitrogen by micro 
Kjeldahl procedures." 
PROCEDURE 

A 1 ce. aliquot of the methanol-albumin supernatant (separated by spin- 
ning in a small centrifuge kept in the refrigerator) is transferred to a dry 
euvette. In another cuvette is placed 0.1 ¢.¢. of the original serum (for the 
total protein determination) and in a third cuvette (for the reference blank 
0.1 ce. of water. To the latter two tubes is added 0.9 ¢.¢. of acetate-methanol 
mixture (made by mixing 1 volume of acetate buffer, 7 volumes of aqueous 
methanol, both prepared according to Pillemer and Hutchinson, and 1 volume 
of water). To all cuvettes are added with mixing 4.3 ¢.¢. of 3 N sodium hy- 
droxide and 0.7 ¢.c. of 1 per cent copper sulfate. After just fifteen minutes the 
transmittances are determined in a photoelectric colorimeter or spectropho- 
tometer. The absorption maximum is at a wave length of about 555 millimicrons. 

The colorimeter is calibrated by measuring transmittances of several 
dilutions of a serum whose protein content has been determined by the Kjeldah! 
methods. The figures read from the curve relating log transmittance to per cent 
protein are halved for the albumin determination. With lactescent or highly 
icteric sera one may add 2 ¢.c. of ether as suggested by Kingsley. However, the 
correction of + 8 per cent used by Kingsley is omitted since dilution produced 
by dissolution of ether is approximately compensated by extraction of methanol 
(Table T) 

With the spectrophotometer* at wave length 555 millimiecrons, a linear rela- 
tionship was obtained between log transmittance and econeentration, the color 


heing about 6 per cent more dense than that obtained in the absenee of methanol. 
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TABLE 1. Errect or ETHER ADDITION UFON 
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TRANSMITTANCE OBTAINED WITH SERUM 





‘PER CENT TRANSMITTANCE 





SERUM ETHER NOT 


ADDED = ETHER ADDED 


7 





31.3 
36.3 


30.8 


31.3 
39.9 
29.9 


26.5 





COMPARISON OF ALBUMIN FOUND IN METHANOL FILTRATES BY BIURET REACTION 


AND BY KJELDAHL TECHNIQUE 


TABLE II. 





PER CENT SERUM ALBUMINS FOUND 
BY KJELDAHL 


287 
3.34 
42 


3.69 





BY BIURET REACTIC IN 


9 
~- 





The presence of methanol apparently 


method (Table IT). 


did not reduce the accuracy of the biuret 


SUMMARY 


U 


The biuret method of Kingsley has been adapted to the measurement of 
serum albumin in filtrates obtained by methanol by the method of Pillemer 
and Hutchinson. 
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OXYGEN CONSUMPTION AND DRUG ACTION: A METHOD FOR 
MEASUREMENT OF Tiltk RESPIRATION OF AQUATIC: ANIMALS 


W. A. Rossiz, PH.D.” ann P. J. LEINFELDER, M.D. 
Iowa Crry, lowa 


ANY drugs affect tissue respiration, and in order to study the relationship 
M between drug action and cellular metabolism it is frequently necessary 
to make measurements of the rate of oxygen consumption. With isolated cells 
or tissue slices the Warburg manometric technique is applicable; however, with 
larger intact organisms it is impractical to maintain oxygen equilibrium by shak- 
ing the immersion fluid, and some other method must be used. A modification 
of the constant-flow manometric respirometer, deseribed previously for use with 
small mammals,’ has been shown to be suitable for this purpose. The method 
is simple and determinations may be made at frequent intervals. — This article 
describes the technique and presents illustrative results obtained with the frog 
and the quahog, Venus mercenaria, using hydroeyanic acid as the experimental 
drug. 

Fig. 1 is a photograph of the equipment in operation. It consists essentially 
of three plastic chambers immersed in a_ constant-temperature water bath. 
Two of these are connected with a pump that continuously circulates air through 
them, and the third chamber is attached to a Warburg manometer and acts as a 
thermobarometer. The chambers are made of 484 inch lucite tubing with 1, 
inch walls, closed at the bottom with a plate of plastic. They fasten tightly to 
the 3 ineh top plate by means of a simple inelined plane-locking device. This 
connection is sealed with a lanolin-petrolatum-mineral oil mixture each time 
the chambers are closed. 

Air from the pump bubbles through the water in the first chamber, which 
contains the experimental animal, and then passes through a connecting glass 
tube to the second chamber. Carbon dioxide is removed from here by a tube of 


5 per cent potassium hydroxide solution and an alkali-soaked gauze. The air 
is then led back to the pump through a thick-walled capillary tube and repeats 
the eireuit. A lead from the top of the second chamber goes to a Warburg 


manometer, and any change in pressure within the system is thus observable. 
Sinee the carbon dioxide is absorbed and the temperature remains constant, 
the pressure changes (after correction for barometric changes recorded by the 
thermobarometer) are due to oxygen consumption by the animal in the water. 

Air is cireulated through the system by a rubber-tube pump which delivers 
about 250 ¢.c. a minute. <A 8 by 22 inch piece of soft gum rubber tubing 
is coiled once inside a cylindric hole in a wooden block, with each end passing 
through the block and attaehine to glass connecting tubes. The air is ¢on- 
tinuously driven through the rubber tubing by a free-moving wooden roller 
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which pushes the air ahead of it as it squeezes the rubber. This roller is driven 


by friction contact with another roller of about the same diameter, which is 
connected to the driving motor with a rubber coupling. The driving motor is 
one that is used for a Warburg manometer shaker and has a gear reduction 
which gives a speed of 120 revolutions per minute. 

When the closed arm of the manometer is reset to the starting level before 
each reading, the system constitutes a constant volume type of respirometer, 
and the theory is similar to that of the direct method of Warbure. If the 
volume and the temperature are kept constant, it is only necessary to multiply 


the thermobarometer-corrected manometer reading by a constant to determine 


1.—Photograph of closed-circuit manometric respirometer for measuring the oxygen 
consumption of aquatic organisms. 


the amount of oxygen consumed, corrected to standard temperature and pres- 
sure conditions. This constant depends primarily upon the gas volume of 
the system, and the sensitivity may be varied over a wide range by changing 
the size of the chambers or the amount of fluid they contain. The total volume 
may be determined easily by measuring the amount of water the system will 
hold. 

DETAILS OF TECHNIQUE 


Oxygen equilibrium between the water and the air in the system is at- 
tained rapidly when the stream of flowing air is sufficient, and in most cases the 
lag in manometric response to a change in the respiration of the animal is in- 
significant. The water in the chambers should be allowed to come to the 
temperature of the thermoregulated bath before the initial readings are taken. 
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To maintain an equivalent vapor tension, the thermobarometer chamber should 


contain a small quantity of water. 

Addition of oxygen to replace that which has been used by the animal is 
made by means of a rubber anesthesia bag filled with the gas and attached to 
the top opening of the manometer. The system is brought back to the origina! 
oxygen tension at any time by simply turning the stopeock of the manometer and 
allowing the gas to flow in. 

Removing the carbon dioxide from sea water leads to an increase in alka 
linity,® and since the potassium hydroxide in the second chamber combines with: 
this gas, a change in pH may occur if marine animals are being studied. A 
buffer may be added,‘ but ordinarily this is unnecessary, since the earbon dioxide 
production of the respiring material is usually sufficient to maintain equilibrium 
When the volume of the liquid is relatively large, the change in pH is insignifi 
cant for experiments of a few hours’ duration, even if there is little carbon 
dioxide production. 

Several connections are made with rubber tubing, and it is advisable to 
test the equipment occasionally for leaks. This may be done by setting it up 
without respiring material and comparing the readings with those of the 
_thermobarometer. If the pump is well made and a good quality of gum 
rubber is used, the pump tubing will run for months before it requires replace- 
ment. 

The apparatus is particularly well suited for observations of the effect of 
eyanide on oxygen consumption. This may be done by inserting a bubbler of 
ealeium ecyanide-caleium hydroxide mixture in the second chamber to add 
hydrogen cyanide gas to the air after the carbon dioxide has been removed. It 
has been shown that the hydrogen cyanide tension of such a mixture varies 
with the concentration of the ealeium cyanide and with the temperature,®> and 
it is thus possible, by use of the proper solution, to maintain a constant con- 
centration of cyanide in the animal chamber and still remove the carbon dioxide 

TABLE I. CALCIUM CYANIDE SOLUTIONS FOR MAINTAINING CYANIDE EQUILIBRIUM 


WITH WATER AT 20° C. (APPROXIMATELY 10 PER CENT CALCIUM 
HYDROXIDE SUSPENSION INCLUDED IN EACH ONE)* 


CALCIUM CYANIDE 
CONCENTRATION OF CONCENTRATION 
HCN IN WATER FOR EQUILIBRIUM 
(M.) (M.) 
0.010 1.41 
0.0046 1.23 
0.0022 0.87 
0.0010 0.56 
0.00046 0.31 
0.00022 0.16 
0.00010 0.089 
0.000046 0.048 
0.000022 0.026 
0.000010 0.014 
0.0000046 0.0074 





*If carbon dioxide-free air is bubbled | through the calcium cyanide solutions listed in 
the second column, it may then be passed through the hydrocyanic acid solutions listed in 
the first column without changing their concentrations. 
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which is produced. In Table I is listed a series of calcium cyanide-caleium 
hydroxide mixtures with their respective hydrogen cyanide equilibrium levels 
for either fresh or sea water at 20° centigrade. 

In the cyanide experiments, a measurement of the oxygen consumption 
under control conditions is made first; then the proper quantity of a hydro- 
eyanic acid solution one hundred times the desired final concentration is added 
to the water in the animal chamber through one of the top tubes. At the 
same time a clamp on a Y tube leading from the second chamber is closed 
to make the earbon dioxide-free air bubble through a tube containing 30 e.e. of 
caleium e¢yanide-caleium hydroxide mixture and then through a small tube of 
horie acid solution (which removes any ammonia that may be liberated from 
strong cyanide solutions). In this way the gas which returns to the animal 
chamber is always in equilibrium with the fluid in it, and even though the 
experiment is continued for hours, the coneentration of the liquid will not 
change. 
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Fig. 2.—Respiration of the quahog, Venus mercenaria, as determined by the manometric 


respirometer. Ordinates indicate the change in the level of the manometer fluid at the times 
shown on the abscissas. 


EXPERIMENTAL RESULTS 

The apparatus has been tested in a variety of ways, and some of the ex- 
perimental results are shown in Figs. 2 to 4. In Fig. 2 is illustrated the meas- 
urement of the oxygen consumption of the quahog or clam, Venus mercenaria. 
On the lowest curve is plotted the change in manometer reading with time 
When the chamber contained one animal in 1 liter of sea water. The middle 
curve shows the measurement when two animals were included, and the top 
curve that for four specimens. 

In Fig. 3 are shown data from an experiment which demonstrates the effeet 
of cyanide on the respiration of the quahog. Points along the upper curve were 
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Fig. 3.—Oxygen consumption of an adult quahog during a control period and while it was 
immersed in 0.0001 M. HCN in sea water. 





200 
| 


IN MANOMETER FLUID 


Mm. CHANGE 











HOURS 
] 


i Fig. 4.—Manometric measurement of the oxygen consumption of a frog for contro! 
period during immersion in 0.001 M. HCN and for a recovery period after removal of thr 
cyanide solution, 
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obtained during the control period. When enough 0.01 M. hydrocyanie acid 
was added to give a final concentration of 0.0001 M., the respiration fell off 
markedly as indicated by the lower curve. 

In another experiment, a frog was allowed to sit on a platform half sub- 
merged in 1 liter of tap water. The curves in Fig. 4 show the course ot the 
control respiration, the effect of adding cyanide (0001 M. final concentration ), 


and the course of the recovery after the water containing the cyanide was re- 


placed with fresh water and the stream of hydrogen cyanide gas was shut off. 
These experiments demonstrate the sensitivity of the method and illustrate 
the consistency of the results. 


SUMMARY 


An apparatus is described for making continuous measurements of the 
oxygen consumption of aquatic organisms. It is essentially a constant volume 
closed-circuit respirometer with a continuously flowing stream of air and 
manometric measurement of pressure changes. The sensitivity may he varied 
hy adjustment of the volume of the system. It is useful in eyanide inhibition 
studies, for which purpose a table of calcium cyanide-caleium hydroxide mix- 
tures that will maintain hydrogen evanide equilibria is given. Illustrative 
experiments are reported. 


The authors wish to thank Mr. Lee Allen for constructing the equipment. 
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THE METHYLENE BLUE TEST FOR BILIRUBINURIA: CLINICAL 
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RANKE,' in 1931, described the methylene blue test for the detection ot 

bilirubin in the urine. In 1940 Foord and Baisinger? made a comparative 
study of the Rosenbach, iodine, Muller, Huppert, Nakayama, Hunter, Nau 
mann, Zins, Harrison, and methylene blue tests for bilirubinuria. They re 
ported the methylene blue test to be as sensitive and as satisfactory as an) 
of the nonconcentration methods. 

The present study was prompted by the appearance in the literature in 
1945 of two reports in which the methylene blue test was employed with use- 
fulness. The first report is that of Myers,* who used the test among employees 
working with tetrachlorethane and thereby subject to toxie hepatitis from 
such exposure. We were impressed with the finding that in some cases the 
result of the test became positive before the appearance of icterus and in some 
cases even prior to elevation of bilirubin in the serum. Also impressive was 
the report that the result of the test tended to become negative prior to return 
of the serum bilirubin to a normal level. The second report is that of Gellis 
and Stokes. The test was employed in seventy-seven cases of infectious 
hepatitis and in 1,000 cases in which normal persons served as control sub 
jects. Of interest was the finding of a positive result in some of the cases of 
infectious hepatitis before the icterus index became elevated and the return 
to negativity as the icterus began to subside. 

Figge® has called attention to the fact that no chemical reaction takes 
place in the methylene blue test, since the test can be duplicated by holding 
a blue glass filter in front of a test tube containing either yellow urine or a 
solution of bilirubin. A tube containing a solution of bilirubin was immerse 
in a dilute solution of methylene blue. Figge noted the same green trans- 
mission band for the two superimposed but unmixed solutions as occurred 
when the solutions were mixed. He stressed the nonspecificity of the test by 
showing that penicillin, riboflavin, porphyrin, hemoglobin, or picrie acid, when 
added to urine or water, will give false positive results for bilirubin. 

Watson and associates® likewise have indicated that the test is not spe 
cific for bilirubin, since yellow urines from normal persons and yellow sub- 
stances such as potassium dichromate or ferric chloride will produce a green 
color when added to methylene blue. These authors also presented evidence 
to indicate that the test is due to a blend of color rather than to a chemical 
reaction. 
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The following questions were suggested as we read the foregoing reports: 
Is the test specifie for bilirubin, or will other substances produce a similar 
reaction? Is the green color of a positive result due simply to a blend of 
colors, or is it due to some type of chemical reaction? At what concentration 
of bilirubin in the urine and in the blood does the result of the test first be- 
come positive? Is there any correlation between the degree of hyperbili- 


rubinemia and the positivity of the test? If the test is so delicate for bilirubin 


that it may show a positive reaction in urine before the serum bilirubin be- 
comes elevated and may become negative while the patient is jaundiced and 
hyperbilirubinemia is still present, then might there be substances other than 
bilirubin which are responsible for the color reaction? Is the test of any value 


in estimating hepatic damage irrespective of the degree of hyperbilirubinemia ? 


MATERIAL AND PROCEDURES 


It seemed of interest to observe the results of this test on urines from 
patients who had various types of disease affeeting the liver and biliary tree 
sufficiently to produce jaundice or at least hyperbilirubinemia and _particu- 
larly to study by means of the spectrophotometer the nature of the color reac- 
tion. For the test we have followed, in general, the procedure used by Gellis 
and Stokes.¢ A 0.2 per cent aqueous solution of methylene blue chloride was 
freshly prepared. A pipette delivering approximately 20 drops per cubic 
centimeter was used. To 5 ©. of urine (usually, but not always, collected 
before breakfast) were added 20 ¢.c. of tap water to make 25 ¢.c. of a 1:5 dilu- 
tion. ‘To this solution methylene blue was added drop by drop from the pipette 
until the initial green color of the mixture became blue. The result of the 
test was considered positive if 5 drops or more of methylene blue were required 
to change the color from green to blue. In most instances a check test was 
run in which methylene blue was added to 5 ¢.e. of undiluted urine until the 
vreen color changed to blue. The changes of color, particularly in darkly 
colored urines, often were less distinet by this method than by the dilution 
inethod. The latter method, therefore, was seleeted as the one of choice. 

The clinical material on which this study was based consisted of twenty- 
eight patients who had conditions involving primarily the liver and the com- 
mon bile duct. In all eases there was. hyperbilirubinemia. In twenty-two 
cases Jaundice was present. 


RESULTS 


In Table I is summarized the data for the twenty-eight cases. It should 
he noted that Cases 1 and 2 represent jaundice due to malarial treatment for 
syphilis; Cases 3 to 11 inclusive, jaundice due to hepatitis or cirrhosis; Cases 
12 to 19 inclusive, jaundice due to benign stricture of the common bile duct 
or obstruction of the duct by calculus; Cases 20 to 23 inclusive, jaundice due 
fo carcinomatous obstruction of the common bile duct; Cases 24 to 27 inelu- 
sive, jaundice of uneertain cause; and Case 28, jaundice due to familial hemo- 
lvtie anemia. 





TABLE I. 


| 


DIAGNOSIS 





Jaundice due to malarial treat 


ment for syphilis 


Jaundice due to malarial treat- 


ment for syphilis 





Intrahepatic jaundice 
Residual hepatitis with jaundice 


Intrahepatic jaundice (chronic 


alcoholism ) 


Chronic hepatitis (residuum of 
infectious hepatitis) 

Chronic hepatitis (chronic alco 
holism ) 


Chronie alcoholism, cirrhosis of 
liver with ascites 

Chronic alcoholism, hepatomegaly 

Cirrhosis of liver with ascites 


Chronic hepatitis (chronic alco- 
holism) 





Cholecystitis and cholelithiasis, — 


common duct stones, 
creatitis, hepatitis 
Subacute cholecystitis with stone, 
common duct stone, hepatitis 
Chronic cholecystitis with stones, 
common duct stone. 

Stricture of common duct, bili 
ary cirrhosis 
Recurrent stricture 

duet 
Recurrent stricture of 
duct, biliary cirrhosis 
Stricture of common duct 


pan- 


of common 


eommon 


Stricture of common duct with 
external biliary fistula, chronic 
hepatitis 





Carcinoma of head of pancreas 
(three weeks after cholecysto- 
jejunostomy ) 


Carcinoma of head of pancreas 
with hepatic metastasis 

Carcinoma of ampulla of Vater 

Carcinoma of pancreas (eleven 
days after cholecystogastros 
tomy ) 





SUMMARY OF 
BILIRUBIN ( MG. 
PER 100 G.c, 

SERUM ) 
DIRECT {INDIRECT 
10.6 


19.6 


6. 


Hepatic metastasis, ascites, pri- 4 


mary in pancreas (?) 
Painless jaundice 2.5 
diffuse hepatitis (?) 
Postcholecystectomy syndrome 
(recurrent biliary colic with 
jaundice) 
Intermittent painless jaundice 
one month (subsiding) 


months, 


DATA 


OF | 


DROPS METHYL 
ENE BLUE TO 
20 CC. URING 
DILUTED 1:5 


v 


REMARKS 
Ninth day of treat 
ment 
Ninth day of treat 
ment 
Painless icterus, 
four months, r¢ 
current 
Painless icterus, 
darl 
tw 


veek : 
urine, 
months 


one 


VEC KS 


Tested three 
postoperative 


‘Bilirubin was 126 


mg. per 100 ©¢.c. 
of serum pre 
operatively 


Bilirubin was 54.6 
mg. per 100 c.c. 
of serum pre 


operatively 


No cause found at 
operation 





Familial hemolytic jaundice 





*Preoperative. 
+Postoperative. 
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In 1918 van den Bergh’ formulated the idea that the kidneys are im- 
permeable at all times to indirect bilirubin, regardless of the concentration, 
but are permeable to direct-reacting bilirubin in concentrations of 2 mg. per 
100 ce. of serum or higher. In 1921 Lepehne* and in 1925 MeNee and 
Keefer? confirmed this viewpoint. In 1933 Bensley,'® correlating the type and 
degree of hyperbilirubinemia with bilirubinuria, observed that with few excep- 
tions bilirubinuria was present when the blood contained direct-reaeting bili- 
rubin in any concentration. With only a few exceptions bilirubinuria was 
not present when the blood contained only the indirect-reacting type of bili- 
rubin regardless of the concentration. Lichtman'' stated that the evidence 
from various sources indicates that the kidneys are impermeable at all times 
to indirect but are permeable to direct-reacting bilirubin in concentrations of 


» me. per 100 ¢.¢. of serum or more. 


TABLE IT]. COMPARISON OF DEGREE OF BILIRUBINEMIA WITH POSITIVITY OF 
METHYLENE BLUE TES' 








~ NUMBER OF DROPS 
DIRECT-REACTING BILIRUBIN OF METHYLENE BLUE 
CASI (MG. PER 100 ¢.c. OF SERUM) REQUIRED 





Group IT, Negative Results (Less Than 5 Drops Methylene Blue) 
0 = 
() 
0 
0.6 
1.5 


17.6 


Group IT. Positive Results, Grade 1 (5 Drops Methylene Blue) 
1.6 
2.0 
6.2 


10.6 


Group III. Positive Results, Grade 2 (6 to 10 Drops Methylene Blue) 


as 10.6 6 
IS 15.3 8 
} 15 6 
99 2G 9 g 


Group IV. Positive Results, Grade 3 (11 to 15 Drops Methylene Blue) 
6 2Oe1 14 
25 54.6 15 


Group V. Positive Results, Grade 4 (16 or More Drops Methyle ne Blue) 
1] 19.6 2) 


5 38.6 16 
15 39.5 16 
24 17.6 25 
21 54.6 


*In Case 28, although the direct-reacting bilirubin was zero, the indirect was 5.1 meg. 
per 100 c.c. of serum. 
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In Table I] the cases have been arranged into groups according to 
the degree of positivity of the result of the test and the concentration of 
bilirubin in the serum (direct-reacting type) for each in order to study the 
relationship of these two factors. 

As may be noted in Table II, the correlation between the degree of hyper- 
hilirubinemia and the degree of positivity of the methylene blue test is not 
perfect. The lack of perfect correlation is illustrated by a comparison of 
Case 22 and Case 11, in which the coneentrations of bilirubin were 29.9 mg. 
and 19.6 mg. per 100 ¢.c. of serum, respectively. The urine in Case 22 re- 
quired only 9 drops of methylene blue, while the urine in Case 11 required 
20 drops to change the color from green to blue. Attention is called to Cases 
16, 17, 20, 23, and 27 of Group I, in whieh the bilirubin ranged from 4 to 
17.6 mg. per 100 e.c. of serum, and yet the methylene blue test gave a nega- 
tive result (less than 5 drops of methylene blue). In Case 28 the methylene 
blue test was made postoperatively when the concentration of bilirubin was 
17.6 as compared with a preoperative concentration of 54.6 mg. per 100 e@.c. 
of serum. If bilirubin spills over into the urine at concentrations in the blood 
serum of 2 mg. per 100 ¢.c. or higher, and if the methylene blue test is as 
sensitive as reports? * imply, then it is hard to understand why the test gave 
negative results in the five cases mentioned. It might be that the renal thresh- 
old for bilirubin becomes altered in some manner as a result of severe and pro 
longed hyperbilirubinemia. Studies in this respect would be interesting. 


TABLE IIT. COMPARISON OF METHYLENE BLUE AND Nitric Acip TESTS 








CONCENTRATION COLOR AFTER ADDING 
OF BILIRUBIN 4 DROPS METHYLENE 
(MG. PER 100 C.Cc. BLUE TO 5 C.C. GMELIN ’S 
OF URINE) OF MIXTURE TEST 

0 Blue - 

0.6 Blue 

12 Blue 

Be Blue 
1. Blue 
i, 
» 


Blue 

Blue green 
Blue green 
Green 
Green 
Green 
Green 


An attempt was made to determine the amount of bilirubin in the urine 
necessary to effect a positive result with methylene blue. Some of the pooled 


serum of jaundiced patients used in one of the experiments reported herein 


was added to normal urine to produce varying concentrations of bilirubin 
Then these mixtures were treated both with methylene blue and with nitric 
acid on filter paper (Gmelin’s test). The results are shown in Table IIT. The 
slightest trace of color in the Gmelin test became discernible at 1.7 mg. per 
100 ¢.c. of urine. The result of the methylene blue test became positive when 
the concentration of bilirubin in the mixture was 2.0 mg. or more per 100 ¢.c 
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of urine. It must be remembered that this is an artificial bilirubinuria pro- 
duced by direct- and indirect-reacting bilirubin, and hence the results may 
not be applicable to the urine of a jaundiced patient. 


SPECTROTRANSMITTANCE STUDIES 

The spectrotransmittance curves of urines giving positive results of the 
inethylene blue test and other solutions used in the following experiments 
were determined by the use of a Coleman Junior Clinical Spectrophotometer, 
Model 6. With this instrument the percentage of light transmittance can be 
read at any wave length between 400 and 700 millimicrons. The data then are 
conveniently plotted on a graph with transmittance as the ordinate, expressed 
in percentage, and wave length as abscissa, expressed in millimicrons. Spectro- 
transmittance curves of urines giving positive results of methylene blue tests 
were plotted. Each showed a curve characteristic of bilirubin with the maxi- 
mal absorption of light between 425 and 450 millimicrons. The results of 
these spectrophotometrie studies are shown in Figs. 1 to 5. 

In Fig. 1 curve @ represents the spectrotransmittance of urine of a nor- 
mal healthy man. Curve 6 shows the spectrotransmittance of 5 ¢.c. of urine 
from the same person, to which has been added 2 drops of methylene blue to 
produce a blue color. The addition of the blue dve causes an absorption which 
is maximal at 660 millimicrons. 

In Fig. 2 curve a represents the spectrotransmittance of urine from a 
jaundiced patient, a man who had cirrhosis of the liver. The concentration 
of bilirubin on the day of this test was 25.1 mg. per 100 ¢.c. of serum direct, 
and 1.8 mg. per 100 ¢.c. indirect, by the van den Bergh reaction. The urine 
was dark brown and therefore had to be diluted before the methylene blue 
test could be read. Curve Db is the spectrotransmittanee after 1 drop of the 
dve has been added to 5 ¢.c. of undiluted urine, yielding a clear green color. 
Curve ¢ is the spectrotransmittance of the solution obtained when 5 c.c. of the 
same urine were diluted with 20 ¢.c. of tap water and 14 drops of methylene 
blue were added to produce a blue color. Here is seen a wider band of absorp- 
tion (from 600 to 675 millimicrons) than in curve } because of greater concen- 
tration of methylene blue. 

In Fig. 3 curve @ is the spectrotransmittance curve of a solution of sodium 
bilirubinate with maximal absorption between 425 and 450 millimicrons. It is 
thus seen that a solution of sodium bilirubinate produces essentially the same 
transmittance curve as that of urine of a jaundiced patient (Fig. 2, curve a). 
Curve b represents the spectrotransmittance of a solution of methylene blue in 
distilled water. There is a maximal absorption of 660 millimicrons. Curve « 
is the spectrotransmittance of a green solution obtained by adding 4 drops of 
ethylene blue to 5 ¢.c. of the sodium bilirubinate solution. There are two 
absorption bands, one from 425 to 450 millimicrons and the other at 660 
millimierons, showing that the green color is merely a blend of the two original 
colors. That there is no new substance formed is evidenced by the lack of any 
additional absorption band. 
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Spectrotransmittance (S-T) curves. Urine of a normal, healthy man: a, unmodified ; 
b, with methylene blue added. 
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’.—Spectrotransmittance (S-T) curves. Urine from a jaundiced patient: a, unmodified 
with one drop of methylene blue added; ec, with 14 drops of methylene blue added. 
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Fig. 3.—Spectrotransmittance (S-T) curves. a, A solution of sodium bilirubinate: b, 
of methylene blue; c, a solution of sodium bilirubinate with methylene blue added 
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Fig. 4.—Spectrotransmittance (S-T) curves. a, Artificial bilirubinuria With methylene 
blue added; b, the same solution after further addition of methylene blue and further dilution 
with the same urine. 





932 STOKES, GAMBILL, AND OSTERBERG 


Fig. 4 represents the results of an experiment in which pooled serum con- 
taining 45.6 mg. per 100 ¢.c. direct- and 4.04 mg. per 100 c.c, indirect-reacting 
bilirubin was added to normal urine to give a concentration of 10 mg. of bili 
rubin per 100 ¢.c. of urine. Methylene blue was added drop by drop to pro 
duce a green—almost blue—color. The spectrotransmittance curve of this solu 
tion is represented by curve a. Then more methylene blue was added to pro- 
duce a definite blue color. This solution was then diluted with more of the 
normal urine, and the color returned to green. The spectrotransmittance curve 
of the second green solution is represented by curve b. Because there has been 
no change in the curve, it may be reasoned that no new substance has been 
formed in the procedure. 
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Fig. 5.—Spectrotransmittance (S-T) curves. a, Urine of jaundiced patients with Evan 


— added; b, another specimen of the same urine with methylene blue added instead of Fvar 
blue. 


Urine for the determination, the results of which are shown in Fig. 
was obtained from a patient who had jaundice due to stones in the common 
bile duct. A solution of Evans blue (T. 1824 dye) was made so that it had the 
same transmission of light as the methylene blue as measured by the spectro 
photometer. Thus the solution of Evans blue and methylene blue were of th 
same intensity of color. Seven drops of Evans blue solution in 5 ¢.c. of uri 
were necessary to produce a blue color. The spectrotransmittance of the 1 
sulting blue solution is represented by curve 4, with a maximal absorption at 
about 610 millimicrons. The urine was tested also with methylene blue, and 
7 drops of the dye were required to produce a blue color in 5 ¢.c. of urine. Th 
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spectrotransmittance curve of this solution is represented by curve b. This 
experiment tends to support the view that the color which results when methyl- 
ene blue is added to urine which contains bilirubin is simply a blend of blue 
and yellow colors and can be duplicated by substituting a solution of Evans 
blue of the same intensity of color as the methylene blue. 


SUMMARY 

1. We did not observe perfect correlation between the concentration of 

bilirubin in the blood serum and the degree of positivity of the result of the 
methylene blue test. 

2. The methylene blue test performed on urine with artificially produced 

bilirubinuria first became positive at a concentration of 2.0 mg. of bilirubin per 


100 ¢.c. of urine. 

3. Under the conditions of our experiments it would appear that the color 
which results when methylene blue is added to urine which contains bilirubin 
is due to a blend of blue and yellow colors rather than to some specific chemical 


reaction between methylene blue and bilirubin. 
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A SIMPLE METHOD OF DETERMINING THE SPECIFIC GRAVITY 
OF SMALL SAMPLES OF URINE 


Lee Monror, M.D... aNd James Hopper, Jr., M.D. 


San FRANCISCO, CALIF. 


Hk determination of the specific gravity of urine is a useful adjunet in 

judging renal function; however, it is often impossible to obtain a quantity 
sufficiently large for testing with an ordinary urinometer. Therefore, an) 
method of determining specific gravity from a few drops of urine has possibilities 
of wide application, especially when it does so without requiring the use of a 
timing device or chart for interpretation. 

The method described in this paper is a combination of two well-known 
techniques, that of Barbour and Hamilton! and that of Phillips and associates 
As in testing by the copper sulfate technique of Phillips, drops of urine are 
observed in insoluble media of known specific gravities, and, as in that method, 
there is no need to use a wateh. Furthermore, the method herein presented can 
be used to measure the specific gravity of all watery solutions, as can that of 
Barbour and Hamilton. It does not require adjustment of mixtures while the 
test is in progress, as does the procedure of Kirkpatrick and Kling.’ 

For this determination a series of specifie gravities covering the desired 
range may be prepared in 100 ¢. lots by mixing xylene and bromobenzene 
(XBB)* in the proper proportions. Solutions may be made either volumetrical!) 
according to the directions given in Table T or roughly by trial with a urinomete 
as a guide. The urine is introduced most easily under the surtace of successive 
solutions in the graduated series by use of an ordinary dropper, the drops being 
displaced from the tip by an upward motion, The specific gravity of the urine 
lies between that of the mixture in which the drop rises and that in whieh it 
falls; or, if the drop neither rises nor falls in the bottle, the specific gravities 
of the urine and mixture are identical. 

With ideal temperature control of numerous accurately prepared XBB 
mixtures, this method can be made equal in accuracy to the falling drop 
determination of Barbour and Hamilton.' Even using a roughly graded series 
and with ordinary fluctuations of temperature, this method is as accurate as 
regular determinations with a hydrometer. A series of mixtures covering the 
range from 1.005 to 1.029, inclusive, in rough fashion (that is, 1.005, 1.010, 1.015, 
1.020, 1.025, 1.029) will give sufficient informatin to be of clinical value. lot 


improved accuracy, slight changes in specific gravity due to evaporation of the 


mixtures can be minimized by corking the bottles tightly and can be corrected 
by the appropriate addition of xylene or bromobenzene. When XBB mixtures 


are used at temperatures widely variant from that at which they were pre- 
pared, correction should be made. Thus, the specific gravity should be changed 
From the Division of Medicine, University of California Medical School. 
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TABLE ] 
“XYLENE BROMOBEN ZENE 
SPECIFIC GRAVITY (C.C.) (c.¢.) 
1.005 78.18 21.82 
1.010 77.38 22.62 
1.015 76.58 23.42 
1.020 75.78 24.22 
1.025 74.98 25.02 
1.029 74.3¢ 5.66 


“Thus, a 0.16 Ce. increase in the quantity ‘of bromobenzene and an equal decrease in the 

imount of xylene will increase the specific gravity .001. 
JOOS! for each degree centigrade deviation in observed temperature from the 
calibration temperature (that is, if the XBB mixtures were originally prepared 
at 22° ©. and the temperature at the time the test is made is 17° C., the specific 
gravity in each of the bottles should be corrected by adding .004). 

After repeated use the mixtures may become cloudy so that observation 
of the progress of the drops is difficult. This is due to the accumulation of 
urinary sediment plus the excess of urine in the bottles. The mixtures may be 
easily cleaned by passing each through an average-grade filter paper, and the 
urine may be largely removed by decanting or by using a small separatory 
funnel. 

This method, while useful in lieu of a urinometer in all determinations of 
the specific gravity of urine, has several specialized applications. The urologist, 
when called upon to test separately and comparatively a patient's kidneys, 
will find this a most sensitive technique to use in addition to the relatively crude 
phenolsulfonphthalein test; for with but a few drops of urine obtained from 
each ureteral catheter, he can measure accurately the tubular concentrating 
power of an individual kidney. Thus, a differential dehydration test for com- 
parison of renal function is made possible. The pediatrician will find the method 
of value for determining the specific gravity of urine of babies and children 
whose specimens are scanty. Studies of renal function in small animals also 
will be facilitated, as the specifie gravity of urine produced by a single animal 
may be measured and relianee on pooled specimens eliminated. 


SUMMARY 


A simple method for determining the specific gravity of small samples of 
any aqueous solution is presented for use in clinical and laboratory work. 
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Preventive Medicine and Public Health. Wilson G. Smillie, A.B., M.D., D.P.H., Se.D. 
(hon.), New York, The Macmillan Company, New York, 1946. Price $6.00. 607 pages. 


There can be little doubt that a great need exists for a textbook of preventive 
medicine and public health for the use of medical students and those whose job it is to 
teach medical students. There may be some who will claim that this book does not entirely 
meet that need, but practically everyone must admit that this is the best effort made 
to date to present the newer concepts of these subjecs. 

The author states that this book was planned to introduce medical students to a 
‘*point of view’’; that it was prepared for those who will eventually practice clinical 
medicine. The major thesis is that the physician in practice ‘‘has the obligation to his 
patients and to his community to prevent illness and to promote family and community 
health. ’’ 

He subscribes to the present view that a distinction should be made between the 
terms ‘‘preventive medicine’’ and ‘‘public health,’’ not in purpose or results achieved 
but in allocation of responsibility and in the organization of instruction of medical stu 
dents. ‘‘Preventive medicine encompasses those activities that are the direct responsi 
bility of the individual in the prevention of disease and in the protection and promotion of 


health of himself and his family.’’ The responsibility for the execution of these activities 
falls upon the practitioner of medicine, who should be the family health adviser. 

‘*Public health, on the other hand, encompasses those activities that are under 
taken for the prevention of disease and the promotion of health which are primaril) 
a community responsibility. These activities may be carried on by an official department 
of public health, by voluntary health promotion agencies, by departments of education, by 
state or county medical societies, or by other community agencies.’’ 

The point of view which Dr. Smillie wishes to present is that medicine is a ‘‘social 
science.’’ In addition to this, the purposes of the book are threefold: (1) to present 
information concerning the responsibilities of the community in the protection and promo 
tion of the health of its people; (2) to indicate to medical students methods for the in 
corporation of preventive medicine in the practice of clinical medicine; (3) to demonstrat: 
the important functions of the doctor in health protection and promotion in the ares 
in which he is engaged in practice. 

He proposes to fulfill these purposes in his presentation without including much that 
is traditionally taught by departments of public health and by giving due consideration t 
the principles rather than the practices of public health. This book, therefore, has bee: 
reviewed with attention primarily focused upon these three purposes, chapter by chapter. 

The text is in six sections, including an introduction, a discussion of environmental 
sanitation, communicable disease control, child hygiene, adult health protection an 
promotion, and, finally, a brief discussion of public health administration. The intro 
duction is concerned with a definition, a discussion of population trends, and a chapter on 
vital statistics. Although the author discusses ageing of the population and changes i! 


the birth and death rates, he does not emphasize sufficiently the effect of these changes u}) 
on medical practice. It is this reviewer’s opinion that the discussion of vital statistics 
is weakened by the inclusion of detailed instruction in biometrics. Many will agree that 
quantitative methods in medicine should be taught to medical students at some phase 
of their medical education, but the question arises in this instance as to the wisdom of 
the discussion of ratios, variation, probabilities, ete., at this particular place in the text. 
It is well presented, however, and the discussion on common errors in the statistical int 
pretation of medical data is excellent. 
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The following eighty-eight pages on environmental sanitation represent a good, 
readable, brief discussion on sanitary control of the environment as a part of the com- 
munity-wide public health program, This section should be read by all medical students, 
and indeed by their instructors as well. 

The section on the control of communicable disease is disappointing in that the oppor- 
tunity to fulfill the original purposes set out in the introduction was not used to advantage. 
In this section more than thirty diseases are briefly discussed, with particular emphasis on 
their control. It is readily understandable why the author did not go into detail about each of 
these diseases. It is just as readily understandable why he did not wish to devote the 
discussion to preventive aspects alone, since they depend upon and cannot be divorced from 
the elinieal. It would seem preferable, however, to have presented a discussion of general 
principles, epidemiology, ete., in terms of the original purposes, with the objective of giving 
a point of view for application to the control of many of the communicable diseases. 

In presenting the material on child hygiene the responsibilities of the community are 
reviewed, the functions of the doctor in health protection are emphasized, and the place of 
preventive medicine is well established. This section shows what should be accomplished on an 
individual and community basis with regard to child health. 

The next section, on adult health protection and promotion, suffers from brevity, but the 
reader is referred to a more complete text on these subjects. The community aspects of mental 
hygiene, malnutrition, cancer, peptic ulcer, appendicitis, hypertension, obesity, diabetes, 
arthritis, allergic conditions, alcoholism, and industrial hygiene are only briefly mentioned, not 
enough information being given to appreciably assist students or clinical instructors in 
developing an understanding of these functions as they relate to the practice of medicine. The 
discussion of industrial hygiene is good. 

The book terminates with a series of chapters devoted to public health practices in 
order to show how the various activities that have been previously mentioned are correlated 
into an over-all administrative plan. 

In the preface the author emphasizes that this textbook is intended simply as a 
guide to further reading and investigation, but unfortunately references are relatively few 
and at times confusingly placed, occasionally at the end of a chapter and again at the 
end of a section. 

The major defect in the work seems to be related to an attempt to cover too many 
topies in the field of medicine. This has led to all too brief discussions of these conditions 
and prevents the use of this book as it now stands as a reference book. It is good reading 
and has a wealth of important information, but it seems that the point of view could well 
have been created and the purposes fulfilled had fewer conditions been considered in more 
detail. This hook is recommended as the best existing text on this subject now available. 


FE. GuRNEY CLARK, M.D. 


Journal of Gerontology. Edited by Robert A. Moore, M.D. Published by Charles C 
Thomas, Springfield, Ill. Subscription $6.00 per vear. 


The Journal of Gerontology, the first issue of which appeared in January, 1946, 
serves as a mouthpiece for The Gerontological Society, Ine., and is published under the 
supervision of this society. The society in turn is an outgrowth from the American Division 
of the International Club for Research on Ageing. This club was formed by a former pupil 
of Eli Metschnikoff, Professor V. Korenchevsky, who now carries on his research on ageing 
in the Department of Zoology and Comparative Anatomy of Oxford University, England. 

The Journal of Gerontology, under the editorship of Professor Robert A. Moore, of the 
Medical School of Washington University, makes its appearance in two forms. First, as the 
official organ of the Gerontological Society, and acting in this capacity it has as its function 
to carry scientific articles and papers of a sociological and literary order primarily concerned 
With the ageing process in the lower animals, man and plants. Second, this Journal 
simultaneously appears as a nontechnical supplement. In this supplement the contributions 
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which are carried by the ofticial Journal are not only abstracted but so restated without an) 


factual change that the lay publie can read and digest this basic scientific, economic, and 


It is the hope of the Gerontological Society, as well as the editor of 


sociological material. 


this Journal, that they may reach an ever expanding and varied order of reader interested in 


the general theme of ageing. 

Volume 1, Number 1, January, 1946, of 
contributions as the ‘‘ Increase in Mortality as a Manifestation of Ageing’’ by 
if Columbia University Medical School; *‘ Ageing in 
Nutritionally Deficient Persons’’ by Tom LD. Spies and Harvey 8. Collins, of the Nutrition 
Clinie, Hillman Hospital, Birmingham, Alabama; ‘*Bugeting for Social Security’’ by W. 
R. Williams, Actuarial Consultant, Federal Security Agency; and *‘Shakespeare’s Attitud 
> by John W. Draper, Department of English, University of West Virginia. 


The Journal of Gerontology carries such varied 


Henry .\. 


Simms, of the Department of Pathology « 


Towards Old Age’ 

The primary object ot The Journal of Gerontology is to publish scientifie papers, th 
products of research, which have as their objective an understanding of those changes of 
a chemical and physical order acquired by tissues as they advance from the commencement of 
the life of the organism through successive age segments towards senility and senile death. 
With such information this Journal would also have the high hope ‘‘to add hfe to years, 


not just years to life.’’ 
Wa. DEB. MACNIDER. 





